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THE OPTICAL TRACKING OF ARTIFICIAL EARTH SATELLITES 


FRED L. WHIPPLE 


Director, Smithsonian Astrophysical Observatory, and Professor of Astronomy, Harvard University 


(Read April 25, 1958) 


MANKIND’s curiosity in exploring the unknown 
and his ability to use the accumulated experience 
and knowledge of the race have resulted in his 
creation of nine astronomical bodies in the course 
of the past seven months. Five artificial satellites 
have been put into orbit about the earth and three 
of these involved additional pieces of equipment 
that have constituted independent satellites. The 
fact that the lifetimes of these various artificial 
satellites are relatively short compared to the life- 
times of natural satellites does not detract from 
their astronomical significance or from the intel- 
lectual and technological achievement that they 
represent. All satellites, whether natural or arti- 
ficial, are temporary in nature, if one chooses a 
sufficiently long time scale. Man-made satellites 
have now become so numerous that the people 
most intimately connected with the programs are 
beginning to have difficulty in segregating and re- 
calling the individual characteristics of each one. 
Hence, for the convenience of both the writer and 
the reader, Dr. G. F. Schilling has kindly prepared 
table 1 listing the major basic information concern- 
ing the identification, nature, initial orbit, and sur- 
vival characteristics of these various satellites. 
Identification is by year, in the order of launching 
according to the Greek alphabet. When more than 
one component of a launching is optically detecta- 
ble the components are identified by Arabic nu- 
merals following the Greek letter, in order of de- 
creasing optical brightness. Other entries of table 
1 are self-explanatory or are described by sub- 
scripts. 

The orbital elements of artificial satellites are 
subject to fairly rapid and major changes arising 
from the earth’s deviation from sphericity and 
from the effect of atmospheric drag. The major 
effect of the earth’s equatorial bulge is to produce 
a regression of the orbital nodes, the intersection 
of the equatorial and orbital planes, in a westerly 
direction for eastward-moving satellites such as 
now are aloft. The rate depends upon the orbital 
inclination and physical dimensions. The direc- 
tion from the center of the earth to minimum dis- 


tance, perigee, moves forward (eastwardly ) for in- 
clinations below about 63° and retrograde (west- 
erly ) for greater inclinations. The nature of these 
motions is indicated in figure 1 based upon calcu- 
lations by L. E. Cunningham." Various periodic 
effects are superimposed upon these secular 
changes but the equatorial bulge produces no secu- 
lar terms in the semi-major axis or eccentricity of 
a satellite orbit. 

The effect of the earth’s atmosphere is to reduce 
the angular momentum of a satellite, the physical 
resistance occurring mostly in the neighborhood 
of the perigee because of the exponential type de- 
crease of atmosphere with altitude. As a conse- 
quence the maximum, or apogee, distance of the 
satellite decreases more rapidly than the perigee, 
which remains fairly constant until the eccentricity 
has become rather small. Typical changes of 
apogee and perigee * are illustrated in figure 2 for 
an arbitrary time-scale. Hence measurements of 
the orbital elements of satellites can give direct 
information concerning the distribution of air 
density at high altitudes, and the dynamical flat- 
tening of the earth, or the extent of equatorial 
bulge. 

The artificial earth satellites have been put into 
orbit as a part of the program of the International 
Geophysical Year. Both radio and optical track- 
ing have been conducted on an international basis. 
The U. S. National Committee of the International 
Geophysical Year, as a committee of the National 
Academy of Sciences and with the financial as- 
sistance of the National Science Foundation, has 
assigned to the Smithsonian Astrophysical Ob- 
servatory the task of optically tracking the arti- 
ficial earth satellites. The optical tracking pro- 
gram is under the immediate supervision of J. 


1 Cunningham, L. E., The motion of a nearby satellite 
with highly inclined orbit. Presented at the meeting of 
the American Astronomical Society, Berkeley, California, 
August 1956. 

2 Davis, R. J., F. L. Whipple, and J. B. Zirker, The 
orbit of a small earth satellite. In Scientific Uses of 
Earth Satellites, edited by J. A. Van Allen, Ann Arbor, 
Univ. of Michigan, 1956. 
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TABLE 1 


TABLE OF ARTIFICIAL SATELLITE PARAMETERS 
(Prepared by Dr. G. F. Schilling) 


Parameters 


Launching date (U.T.) 
Launching time (U.T.) 
Injection time (U.T.) 


Initial period (min. ) 
Initial apogee (km.) 
Initial perigee (km. 
Inclination (° 
Eccentricity 


Length (cm.) 
Diameter (cm.) 
Weight (kg. 
Payload weight (kg.) 


Radio transmission (mc. ) 
(mw. ) 
(me. ) 
(mw.) 


Battery lifetime (days) 
Satellite lifetime (days 


1957 al 
(Carrier 
rocket) 


1957 a2 
(Sput- 
nik I) 


4 Oct. 


4 Oct. 
? 


> 


96.2 
950 
225 
65.3° 
0.051 
> 
? 
(2,690)? 


40.002 
1,000 
40.005 


21 


1957 a3 
(Nose- 
cone?) 


4 Oct. 


ound 


~ 


ww 


1957 gi 


(Sputnik I1) 


3 Nov. 
04 40? 
? 


103.7 
1,670 
240 
65.4° 
0.0876 


? 
? 
(3,200)? 
508.3 
40.002 
>? 


40.005 
? 


1957 82 


(Nose- 
cone?) 


3 Nov. 


? 


iwvrw FL and 


pid 


(Explorer I) 


1 Feb. 
03 48 
03 55 


114.95* 
2,540 
368 

33.14° 

0.139 


200 
15.3 
14 

$ 


108.00 FM 
10 


108.03 AM 
50 


60 and 11 


1958 1 
(Carrier 
rocket) 


none 


none 


1958 82 
(Vanguard I 


17 3 


1958 ¥ 
(Explorer 


III) 
March 


115.91* 
2,800 
188 
33.5° 
0.166 


200 
15.3 
14.1 

S? 


108.00 
10 

108.03 
50 


60 


58 92 ? 161 


Effective mass-area ratio 
(gm./cm.?) 
Scientific experiments carried 


(14.5)? (24.1)** ? 17. 


none a,b none 


* Anomailistic period. 
** Antenna drag effects taken into account. 


a,b,c, d,e 


(3-5 years) | (many years) (many years (months 


? ? $.5** 3.8 3.96** 5.6 


a, b,c none a geophysical 


z 
a, 


(Parentheses denote estimated value. Equal signs denote values expected to be equal to those of the other components from a single launching; 


given in preceding column.) 
Experiments: (a) Satellite Temperatures, (b) Meteors, (c) 


Allen Hynek. The program was started in 1956 
and is divided into two major sections: (a) the 
Volunteer MOONWATCH Program and (bd) 
the Precision Photographic Program. 

The MOONWATCH observers utilize small 
monocular telescopes, usually of aperture of 50 
mm. with a magnifying power of 6, so aligned as 
to form an optical fence along the local meridian, 


Sets @ degrees per Sey 


s 


Perigee 


Perigee 
in Space 7 


from Node 


Fic. 1. Secular changes in the orbits of near-earth 


satellites. 


Cosmic Rays, (¢d) Solar Radiation, and (¢) Biological. 


or in some cases at other angles for best observa- 
tions of satellites of high inclinations (fig. 3). 
The precision photographic system uses astronomi- 
cal cameras of 20-inch aperture and 20-inch focal 
length, which utilize strip film of 5° by 30° 
Twelve stations are planned, distributed around 
the earth between latitudes 37°N and 32°S, and 
should be in full operation by June, 1958. Karl 
G. Henize supervises the photographic program. 

Project Vanguard, under the direction of the 
U. S. Naval Research Laboratory, bears the ma- 
jor responsibility of tracking the IGY satellites by 
radio signals originating in the satellites. Seven 
of nine Minitrack receiving stations, operated by 
the U. S. Army, are distributed near the 75th 
westwardly meridian to constitute a radio fence. 
A second system of radio tracking, the Microlock 
system, has been developed by the Jet Propulsion 
Laboratory of Pasadena and shares the responsi- 
bility for radio tracking. Various powerful radar 
telescopes have been successful in tracking the 
rocket stages of the Russian satellites and have 
contributed enormously by making observations 
of their death throes. Particularly important is 
the great 250-foot radio telescope at the Jodrell 
Bank Experimental Station in England, the 80- 
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foot radar of Project Lincoln in Massachusetts and 
the 60-foot radar of Stanford in California. 

Of some 230 volunteer MOONWATCH sta- 
tions registered in April, 1958, 126 are in the 
United States. The other stations are operated 
through their respective National Committees of 
the International Geophysical Year and include 
some 70 stations in Japan and a number in 
Australia and South Africa. Represented are 
South America, Central America, the East Indies, 
Canada and other countries. In addition the 
USSR has organized some 70 MOONWATCH 
stations following the basic principles of operation 
and equipment as utilized in the U. S. IGY pro- 
gram. Our program is under the immediate su- 
pervision of Leon Campbell, Jr., while Armand 
Spitz has been responsible for much of the or- 
ganization. 

More than 3,000 observations of the various ar- 
tificial satellites had been made by 179 of these 
volunteer MOONWATCH stations by April 1, 
1958. The program has thus become much more 
extensive and even more vital to the satellite track- 
ing program than originally expected. 
Planned as a program to “back up” the radio 
satellite tracking program in case of radio failure, 
and as an observing system for the later stages of 
satellites as they finally plummet through the at- 
mosphere, MOONWATCH became the primary 
tracking network for the huge rocket stages of 
the USSR satellites after the batteries for the ra- 
dios were exhausted. The high inclinations of 
these satellite orbits reduced the observational op- 
portunities for the photographic tracking stations 
located at lower latitudes, while the early firings 
of the Russian satellites occurred before the com- 
pletion of the photographic network. 

Although the photographic tracking of the 
rocket stages of the Russian satellites at distances 
of only a few hundred miles is relatively simple, 
the photographic telescopes are designed to track 
20-inch spheres to a distance of 2,000 miles. An 
extremely powerful optical system * was designed 
by James G. Baker and produced by the Perkin- 
Elmer Corporation. The mechanical system, de- 
signed by J. Nunn and constructed by the Boller 
and Chivens Co., facilitates the following of rapid 
motions of small satellites from rough prediction 
data without visual acquisition. Hence the mount- 
ing is triaxial (fig. 4) so that the camera can be 
pointed at any direction in the sky and adjusted to 


was 


3 Henize, K. G., The Baker-Nunn satellite tracking 
camera. Sky and Telescope 16 (3): 3-7, January, 1957. 
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° 
1000 2000 3000 4000 S000 6000N 


Variation of perigee and apogee altitude with 
number of revolutions and with time. 


follow at any angular velocity up to 2° 
an arbitrarily chosen great circle. 


sec. along 
A cycling sys- 
tem makes it possible to photograph a moving 
satellite as a fixed point on a single photographic 
frame and, for reference, a fraction of a cycle later 
to photograph the star background without trail- 
ing. Time is maintained at each station by a pre- 
cision crystal clock built by the Norrman Com- 
pany. As a rotating shutter periodically occults 
the trailing star images while the satellite is be- 
ing photographed, the time of the central occulta- 
tion is photographed on the film to a readable pre- 


Terre Haute, Indiana, MOONWATCH station. 


Fic. 3. 
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cision of 0.0001 sec. and a realistic precision of 
about 0.001 sec., limited by the variations in iono- 
spheric path of the calibrating signals from the 
time standard WW of the National Bureau of 
Standards in Washington, D. C. 

Figure 5 illustrates the first image of Explorer 
I, 1958a, photographed on March 18, 1958, by 
Robert Cameron at the satellite tracking station 
near Johannesburg, Orange Free State, South 
Africa. The power of the photographic system 
is indicated by the fact that the satellite, optically 
a 6-inch cylinder painted white over a length of 
about 40 inches, was photographed at a distance 
of some 700 miles when moving at a rate of 5 miles 
per second. Figure 6 illustrates the first photo- 
graph of Vanguard 195881, the rocket stage, op- 
tically equivalent to about a 20-inch perfectly re- 
flecting sphere. This photograph was made on 
March 19, 1958, by E. Horine and J. Emerson at 
Organ Pass, New Mexico, who were using a 
Super Schmidt meteor camera of the Harvard 
Meteor Program in New Mexico. 

The major result obtained to date from the 
tracking of the first three artificial earth satellites 
is the determination of atmospheric density at alti- 


Fic. 4. A Baker-Nunn satellite tracking camera. Dr. 
Karl G. Henize in foreground. 
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Fic. 5. Photograph of 1958 Alpha (Explorer I) taken 
on 18 March by Robert Cameron at the Olifants- 
fontein, South Africa, satellite 


tracking 
station. 


camera 


tudes from 120 to 204 miles, where air densities 
are too low for determination by sounding rock- 
ets. This result is derived by the rate of orbital 
shrinkage arising from air drag, and indicates air 
densities at 120 miles some 5 times greater than 
was anticipated on the basis of previous informa- 
tion. The results obtained by T. E. Sterne, B. 
Folkart and G. F. Schilling* are presented in 
table 2 in an altitude range from 120 km. to 370 
km. At the greater altitudes of table 2 the extra- 
polation based upon the measures from the first 
two USSR satellites has been confirmed by T. E. 
Sterne ° from observations of Explorer I. The 
temperatures corresponding to the density meas- 
urements depend upon the unknown mean molecu- 
lar weight of the atmosphere at the altitudes in- 
volved, but probably will be higher than expected. 
Near altitude 390 km. the temperature is 3000° K, 
to be corrected by the ratio of the actual mean 
molecular weight of the atmosphere to the as- 
sumed value of 29.0 atomic units. Since the or- 
bital shrinkage by atmospheric drag occurs mostly 
near the perigee, satellites of greater perigee dis- 
tance will be required to extend these atmospheric 
density determinations to much greater heights. 
With its tremendous perigee height of 405 miles 


interim model atmosphere fitted to preliminary densities 
inferred from USSR satellites. Special Report No. 7, 
IGY Project No. 30.10, Smithsonian Astrophysical Ob- 
servatory, Cambridge, Mass., December 31, 1957. 

5 Sterne, T. E., The density of the upper atmosphere. 
Chapter III in Special Report No. 11, IGY Project No. 
30.10, Smithsonian Astrophysical 
bridge, Mass., March 31, 1958. 


Observatory, Cam- 


Science, in press. 
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195882 (Vanguard) will lead to an extension of 
these data. 

Orbital calculations at the Smithsonian Astro- 
physical Observatory have been carried out by the 
No. 704 Calculator of the International Business 
Machines Corporation, a gratuitous loan on their 
part through the courtesy of the Massachusetts 
Institute of Technology. The orbital planes of 
the satellites have moved in the expected sense and 
amount within the degree of accuracy that the 
analysis to date has permitted. Thus 1957a and B 
showed a nodal regression of 3.1°/day and 1958a 
some 4.3°/day. Perigee motions also are con- 
sistent with theory. A definitive analysis of the 
optical data from the two Russian satellites should 
lead to an improved value of the dynamical oblate- 
ness of the earth that produces these perturbations. 

The MOONWATCH observations during the 
demise of USSR satellites 1957al and 195781, 
indicate that as these rocket stages enter the 
lower atmosphere they glow as meteors for about 
a revolution before their final disintegration and 
plunge to the earth’s surface. The rocket stage, 
1957al, appeared as a very bright object in the 
late afternoon sky to the MOONWATCH team 
at Los Altos, and over San Diego, California, 
nearly a revolution before it appeared similarly at 
two stations in Siberia. Its final breakup was not 
certainly observed. In the case of 19578 the rocket 
was seen after the end of the twilight period by 
Canadian and New England MOONWATCH 
teams as a fourth magnitude glowing object. A 
few minutes later it disrupted in a great meteor 
type display over the Barbados Islands but part 


ae 3 ask, Steet 


Fic. 6. The first photograph of Satellite 1958 81 (3rd 
stage rocket of Vanguard) was taken on 19 March 
by E. Horine and J. Emerson at Organ Pass, New 


Mexico, 
camera. 


with a Harvard Super-Schmidt meteor 
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TABLE 2 


Arr DENSITIES 


Geometric 
height, km. 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 


Air density, 
gm./cm.? 
6.9110 
3.01 K10-" 
1.49 10-" 
8.07 x 10-" 
4.70 x 10-" 
2.89 x 10-? 
1.87 x 10-" 
1.25x10-" 
8.63 X10-" 
6.04 x 10-" 
4.47x10-" 
3.32 X10- 
2.51 x1¢0- 
1.93 x10-* 
1.51 x 10-8 
1.19 x 10-8 
9.511074 
7.68 X 107" 
6.27 x10- 
5.16107" 
4.29x10-™ 
3.58 K 10-4 
3.02 K10-4 
2.55 x10" 
2.18 10-4 
1.87 x10-" 


of the rocket may have persisted beyond. Thus 
the heavy satellite rocket stage was effectively a 
meteor for an appreciable fraction of a revolution 
around the earth. 

A detailed study of these phenomena will be of 
interest with regard to the interaction between me- 
tallic surfaces and the very high atmosphere both 
at night and under solar illumination. Of aero- 
dynamic interest is the fact that both rocket stages 
apparently stopped tumbling and oriented them- 
selves like arrows during their last few revolutions. 

The longer range program with the precision 
photographic cameras will involve extremely pre- 
cise tracking and computations in which the satel- 
lite is effectively a triangulation target for geodetic 
measures. The tracking cameras should be able 
to provide positions accurate to about 2 seconds 
of arc normal to the trail, 10 feet at 200 miles dis- 
tance, and along the trail to an accuracy of .001 
second or approximately 25 feet. Thus the geo- 
metrical analysis, coupled with the most precise 
orbital calculations, should lead to determinations 
of the relative positions of the stations with re- 
spect to the center of the earth to an accuracy of 
some 30 feet, approximately 10 times the present 
available precision. Thus the geodetic systems of 
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Rate of change in the anomalistic period (seconds per day) 


Mov.15 Dec.i Dec.15,1957 Jan.1,1958 Jan.15 Pebd.1 Pebd.15 


Fic. 7. Rate of change of the anomalistic period as a 


function of time (1957 81). 


the various continents can be interrelated with 
this high degree of accuracy, the oblateness of the 
earth derived to this accuracy and a more exhaus- 
tive search made for lack of circular symmetry 
around the equator. In addition the orbital varia- 
tions will measure gravitational irregularities, or 
gravitational anomalies, on the earth and deter- 
mine more precisely the distribution of matter 
within the earth. These results will derive from 
a great many precision observations of satellites 
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for which atmospheric drag can be calculated with 
assurance ; in other words, circular satellites, giv- 
ing a uniform cross section for atmospheric re- 
sistance. Figure 7 shows the variations in the 
change of orbital period for 195781 as derived by 
L. G. Jacchia.* The elongated object presented a 
varying frontal area with consequently great ir- 
regularities of motion. Predictions for such satel- 
lites can be made only a few days in advance and 
variations in atmospheric density cannot readily 
be measured. The rocket stage of 19588 gives 
great promise of being extremely valuable for 
these geodetic purposes because of the great peri- 
gee distance. Even though the drag itself may 
not be predictable with precision, its amount is so 
small that good results are to be expected from 
precision observations of the rocket stage. The 


satellite itself, of course, can scarcely be the ob- 


ject of routine observation by any of the available 
photographic techniques. A more massive satel- 
lite, therefore, in an orbit with a very high perigee 
is the most desirable for such geodetic investiga- 
tions and we expect such satellites to be launched 


in the near future. 


6 Jacchia, L. G., Basic orbital data for satellite 1957 
beta one. Special Report No. 9, IGY Project No. 30.10, 
Smithsonian Astrophysical Observatory, 


Cambridge, 
Mass., February 21, 1958. 





THE DIVINE MUSHROOM: PRIMITIVE RELIGION AND HALLUCINATORY AGENTS 


R. GORDON WASSON 


Vice-President, J. P. Morgan & Company, Inc. 
(Read November 16, 1956) 


THE world of wild mushrooms and toadstools 
is of little interest to most of us, even those of us 
who are lovers of nature. We all know something 
about birds and insects and trees. But how often 
do you fix your gaze on a wild mushroom ? 

This neglect is a mistake. What a wondrous 
world do they offer us, in the diversity of their 
shapes, their colors, their odors, the texture of 
their skins; yes, above all in the aura of silent 
mystery that seems to enfold them. Indeed this 
aura of mystery may explain why they are neg- 
lected. My wife and I believe that, anthropo- 
logically speaking, for us Anglo-Saxons a tabu 
hangs over wild mushrooms, a tabu coming down 
from our remote past and surviving today long 
after the reason for it has slipped away from men’s 
memories. 

For close to thirty years my wife and I have 
been devoting part of our spare time to studying, 
not so much the mushrooms themselves, as the 
attitude toward them of various peoples in Europe 
and elsewhere. We have arrived at the conviction 
that the common ignorance and distrust of wild 
mushrooms are not the fruit of rational behavior. 


Fic. 1. Maria Sabina, the Mazatec curandera, passing 
the mushrooms through the smoke of aromatic plants. 
Photo taken in 1956 by Allan Richardson. 


It is a cultural legacy of a remote age when our 
unlettered ancestors held wild mushrooms in awe 
as the habitation of demonic powers. There is no 
time to develop for you our supporting evidence. 
Instead I shall leap forward to the phase of our 
inquiry that led your Society to make us a grant 
in furtherance of our studies. 

There exist certain species of wild mushrooms 
that contain a most potent and mysterious drug— 
mushrooms which, if you eat them, cause you to 
see visions, breathtakingly vivid visions in color 
and motion, visions of almost anything you can 
imagine except the scenes of your everyday life. 
These mushrooms confront us with a scientific 
problem. We must isolate the active agent, de- 
termine its molecular structure, synthesize it, and 
arrive at its properties, and also its uses if any. 
This scientific problem is as difficult as it is in- 


Fic. 2. Maria Sabina invoking with prayers the divine 
blessing for the ceremony she is about to undertake. 
Photo by Allan Richardson. 
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Fic. 3. Partaking of the divine mushroom: Maria 
Sabina and her son at the moment of the holy agape. 
Photo by Allan Richardson. 


viting, and needless to say we are passing it over 
to those who are qualified to perform it. But the 
hallucinogenic mushrooms invite our study for 
another reason. From earliest times they have 
been worshipped by certain primitive peoples scat- 
tered from Mexico to Borneo and Siberia, and we 
think formerly in Europe too. 

The visions that you see when you eat the 
mushrooms are staggering in their subjective 
impact. They are no shadowy, uncertain sights. 
When you see them you are moved to exclaim, 
if only to yourself, that never in your normal state 
have you seen things so clearly, so truly. At last 
you are seeing clearly, not as through a glass 


Fic. 4. In ecstasy, seeing visions. In the dead of night, 
in pitch dark, Maria Sabina’s son, caught unex- 
pectedly by flash-light, as his mother is singing to 
him. The baby is asleep, having taken no mush- 
rooms. The other Indian also is seeing visions. 
Photo by Allan Richardson. 
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darkly. If in that span of ecstatic vision you think 
of Plato, you will say to yourself that you are 
seeing the Archetypes, the very Ideas of Plato. 
You do not lose possession of yourself. You are 
in a pseudo-schizophrenic state, and you can take 
notes, and observe yourself, and afterwards you 
remember everything in detail. Possibly the hal- 
lucinations are aural as well as visual. Just as 
you are seeing things in your mind’s eye, so you 
may hear things in the mind’s ear, the music of 
the spheres accompanying the Ideas of Plato. The 
emotional effects of the drug are equally interest- 


ing. You experience ecstasy. In my case, for 


the first time the meaning of “ecstasy” came over 


Fic. 5. A Zapotec Indian, a curandero of the Sierra 
Costera, contemplates his bowl of mushrooms. This 
photo was taken in 1955, by Howard E. Brunson, at 
San Agustin Loxicha, linguistically far 


removed 
from the Mazatec country. 


me, no longer as an intellectualized definition, but 
subjectively. Indeed, you are spellbound by awe, 
by feelings of wonder and reverence, by an over- 
flowing sense of empathy, of caritas towards those 
who are sharing the mushrooms and the experi- 
ence with you. 

The primitive peoples who worship these mush- 
rooms consider that they open the gates to another 
plane of existence, to the past and future, to 
Heaven and God, who then answers truly all 
grave questions put to him. If we are right in 
our conjecture that the secret of these mushrooms 
was discovered by early man, perhaps very early 
as he was emerging from his bestial past, think 
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for a moment what their miraculous properties 
must have meant to him! Our hallucinogenic 
mushrooms opened to him conceptions and emo- 
tions theretofore beyond his reach: horizons be- 
yond his horizons, planes of existence other than 
the one in which he lived, feelings of awe and 
reverence, yes perhaps the very idea of a Superior 
Being. They may have served as a mighty detona- 
tor for early man’s soul and mind and imagination. 
It is surprising, we think, that students of early 
cultures have paid so little attention to the sub- 
jective impact on them of hallucinatory agents 
like these. 


On this subject I speak to you not by hearsay 
On the night of June 29-30, 


but as a witness. 
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1955, my friend and photographer Allan Richard- 
son and I ate these mushrooms in the course of 
a mushroomic communion or agape in a remote 
circle of Indians in Mexico. So far as the records 
indicate, we are the first white men of the modern 
world to have had this experience. We under- 
went the visual, aural, and emotional effects of 
the mushrooms. Since then a few other persons, 
introduced by us, have eaten the mushrooms under 
similar circumstances. Furthermore, my wife and 
daughter and I have also eaten them cold turkey, 
so to speak, by ourselves, even in New York, 
without the accompaniment of the 
religious ritual. The effects were in 
diminished. 


primitive 
no wise 
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One of the best known episodes in the history 
of both the Patriarchate of Antioch and the island 
of Cyprus is the protracted struggle over the 
ecclesiastical status of the island, and it was as 
the outcome of this contest that Cyprus became 
autocephalous. A considerable literature has 
arisen about this subject, and the edifying and 
spectacular story of the discovery of the body of 
St. Barnabas, holding on his chest a copy of the 
Gospel of Matthew written in St. Barnabas’ own 
hand, has become well known. However, none of 
the published accounts of the whole history (at 
least so far as the writer has been able to discover ) 
has utilized all of the available material, and it 
has been found, as a result of a new survey of 
the texts, that certain features which previous in- 
vestigators appear to have overlooked prove in 
fact to be of considerable interest for our under- 
standing of the problem and its history." 

In the preserved sources, the question of the 
supremacy of Antioch first appears in specific form 
in the correspondence between Alexander, Bishop 
of Antioch 413-421, and Pope Innocent I, 402- 
417. Alexander, having established peace within 
the church at Antioch after a period of internal 
dissension, was naturally anxious to make sure 
that the authority of his see was recognized in the 
provinces which he considered to be under his 
jurisdiction. Apparently he had tried to secure 


1 The present study was made during the writing of 
my history of Antioch, which is in progress and will 


it is hoped soon be published. The most detailed existing 
account of the problem is that of J. Hackett, A history 
of the Orthodox Church of Cyprus, 13-32, London, 
Methuen, 1901. Hackett does not, for his purpose, have 
occasion to examine some of the details which are investi- 
gated here. Hackett’s conclusions are summarized and 
adopted by George Hill, A History of Cyprus 1: 273-279, 
Cambridge, Eng., Cambridge University Press, 1940. A 
succinct account of the question down to the year 461 is 
provided by B. J. Kidd, A history of the Church to 
A.D. 461 3: 175-178, 248-249, Oxford, Clarendon Press, 
1922. See also A. Palmieri, Chypre, Eglise de, Diction- 
naire de théologie catholique 2: cols. 2428-2431, and S. 
Vailhé, Formation de l’église de Chypre, Echos d’Orient 
13: 5-10, 1910, whose conclusions are embodied in the 
article by R. Janin, Chypre, Dictionnaire d'histoire et de 
géographie ecclésiastiques 12: col. 794. 


an acknowledgment of obedience from Cyprus and 
had not been successful, for we see that among 
several questions relating to the ecclesiastical juris- 
diction of Antioch which Alexander thought it 
necessary to address to the Pope, one concerned 
the ordination of the bishops of Cyprus.* Alex- 
ander wrote with reference to the sixth canon of 
the Council of Nicaea in 325, which (as may be 
seen from the opening paragraph of Innocent’s 
reply) Alexander took to guarantee that the 
bishops of Antioch should, according to their 
“ancient right,” consecrate bishops not only for 
the province of Coele Syria, in which Antioch was 
located, but in the whole civil Diocese of the 
Oriens. This would place Cyprus under the ec- 
clesiastical jurisdiction of Antioch, since the civil 
Diocese of the Oriens, whose governor the comes 
Orientis had his headquarters at Antioch,* in- 
cluded the province of Cyprus, both at the time 
when Diocletian set up the dioceses as units of 
civil administration,‘ and at the time of Alexander 
and Innocent.’ Since the consularis of Cyprus, 
the civil governor of the island, was a subordinate 
in the imperial administration of the comes Ori- 
entis, Cyprus had the closest possible civil con- 
nections with Antioch, and so it would follow—if 


2 Alexander’s letter is not extant, but its contents may 
be reconstructed from the reply of the Pope, who in 
answering Alexander takes pains to state the questions 
in the form in which they had been put to him (Innocent, 
Epistle XXIV, Migne, Patrologia Latina, XX, 547-551). 

3 See G. Downey, A study of the comites Orientis and 
the Consulares Syriae, 7-11, Dissertation, Princeton, 1939. 

4 This is shown by the listing of Cyprus as part of the 
civil Diocese of the Orient in the provincial list in the 
Laterculus Veronensis 1: 16 (in Notitia Dignitatum, 
ed. O. Seeck, 247, Berlin, 1876), which shows the status 
of about the years 304-306 (on the date, see E. Stein, 
Geschichte des spatrémischen Reiches 1: 102, n. 3, Vienna, 
Seidel, 1928). 

5 This is indicated by the inclusion of Cyprus as a 
province governed by a consularis, as part of the civil 
diocese of the Orient, in the Notitia Dignitatum, ed. 
Seeck, Oriens, 1: 3 and 22: 48-49. On the date of the 
Notitia, see A. Piganiol, L’Empire chrétien (325-395), 
x, Paris, Presses Universitaires de France, 1947. Some 
modern writers on the Cyprus question use incorrect 
titles in this connection, speaking of the “prefect of 
Cyprus” and the “Duke of Antioch,” etc. 
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the ecclesiastical territorial division paralleled the 
civil one—that the metropolitan of Cyprus was 
the subordinate of the Patriarch of Antioch,® and 
that neither could a metropolitan of Cyprus be 
consecrated except by a Patriarch of Antioch, nor 
could bishops be appointed in Cyprus without 
the knowledge and consent of the Patriarch of 
Antioch.* During the Arian troubles, however, 
(Alexander claimed), the Cypriotes, fearing the 
Arian tendencies which prevailed at Antioch, con- 
secrated their own bishops without consulting 
anyone. Alexander stated that the Cypriotes had 
continued to act in this way down to his own time. 

Innocent, apparently without making any inde- 
pendent investigation, replied, on the basis of 
Alexander’s assertions,* that the people of Cyprus 
must abide by the canons and that the authority 
of Antioch derived from the fact that Peter was 
bishop first there and then at Rome. 

How much real ground for his claim Alexander 
had, we cannot be sure, since the extant sources 
are insufficient to support his claim and there are 
no reliable texts which indicate that the metro- 
politans of Cyprus were appointed or approved by 
the bishops of Antioch in the period before the 
Arian troubles. In fact the contrary would appear 
to have been the case, for in the signatures at the 


Council of Nicaea, Cyprus does not form part of 
the jurisdiction of Antioch and is not listed among 
the provinces which belonged to the Diocese of 
the Oriens, but appears in a widely separated posi- 
tion in the list.® 


What the first occasion was on which Innocent’s 
pronouncement might have been invoked, is not 
certain. When the Council of Ephesus met in 
the summer of 431, it was stated by the Cypriote 
delegation that the three most recent metropolitans 
of Salamis (Constantia) had not been consecrated 


®It is sometimes stated, in modern treatments of the 
problem, that a parallel existed between the appointment 
of the consularis of Cyprus by the comes Orientis, and 
the consecration of the metropolitan of Cyprus by the 
Patriarch of Antioch. This is a false analogy, and so 
far as the present writer knows, it was not invoked in 
antiquity. The governor of Cyprus was appointed by 
the emperor (Stein, op. cit. 1: 103), who would never 
have allowed the comes Orientis to become so powerful 
as to appoint governors of provinces. 

7 The extent of the prerogatives is stated in the first 
section of Innocent’s letter. 

8 Innocent writes : Cyprios sane asseris . . 
Nicaenos canones . . . 
549 A). 

® E. Honigman, La liste originale des Péres de Nicée, 
Byzantion 14: 45-48, 1939; R. Devreesse, Le Patriarcat 
d’ Antioche, 124-127, Paris, Gabalda, 1945. 


. non tenuisse 
(Migne, Patrologia Graeca, XX, 
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by the Patriarch of Antioch, these three being, 
in chronological order, Epiphanius, Sabinus and 
Troilus.*° Epiphanius died in May of 403," that 
is, well before Alexander of Antioch (413-421) 
brought up the question of his supremacy with the 
Pope. The details of Sabinus’ career do not ap- 
pear to be known. Troilus was in office during 
the episcopate of Theodotus of Antioch (421- 
428),’* and died early in 431, before the opening 
of the Council of Ephesus.’* Whether Troilus 
was consecrated as metropolitan before Innocent’s 
pronouncement was made is not mentioned in 
any extant source. It would seem as though he 
had been, for when he visited Antioch during the 
episcopate of Theodotus, on business not con- 
nected with the hierarchical question, the clergy 
and bishop of Antioch, apparently finding in 
Troilus’ visit an excellent opportunity to assert 
the doctrine which had just received the support 
of the Pope, tried to force Troilus to acknowledge 
their superiority. They seem to have had no suc- 
cess, although they thought fit to employ violent 
means and even, it was said, inflicted blows on 
the Cypriote bishop."* 


10 E. Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 121.39- 
41. Some of the scholars who have dealt with the 
problem (e.g. Vailhé, op. cit., 9; Janin, op. cit., col. 794; 
Hackett, op. cit., 16) have invented a Cypriote metro- 
politan named Theodore, whose existence apparently was 
suggested by a misreading of the reference to Theodotus 
of Antioch in the opening address of the Cypriote bishops 
at Ephesus (Schwartz, Acta Conciliorum, I, 1, pt. 7, 
p. 118.29-30), combined with the mistranslation which 
appears in the Latin version of this address preserved in 
the Collectio Winteriana (Schwartz, Acta Conciliorum, 
I, 5, pt. 2, p. 357.21, cf. apparatus criticus ad loc.), aided 
perhaps by confusion with the name of the consularis of 
Cyprus, Theodorus. The result has been the quite er- 
roneous conclusion that Bishop Troilus died some time 
before 431 and that he was succeeded by a Theodorus, 
who was the metropolitan whose death early in 431 pre- 
cipitated the events at Ephesus (cf. Janin’s table of 
bishops, op. cit., col. 809). A careful reading of the 
opening speech of the Cypriote delegates will show that 
this is not true; and later in the report of the same 
session at the council (Schwartz, Acta Conciliorum, I, 
1, pt. 7, p. 121.40) Troilus is referred to by name as “he 
who has just died.” 

11 Jiilicher, Epiphanios, No. 3, Pauly-Wissowa, Realen- 
cyclopadie 6: 193. 

12 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 118.29-30. 

13 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 118.35-36. 
By an oversight, W. Ensslin in his biographical notices 
of the two bishops named Troilus (Pauly-Wissowa, 
Realencyclopaidie 6 A, 616 Nos. 5 and 7), has referred 
to the second bishop (No. 7, not the metropolitan of 
Cyprus) a text (Schwartz, Acta Conciliorum, I, 1, pt. 7, 
p. 121.39) which concerns the metropolitan of Cyprus. 

14 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 118.28 ff. 
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The next opportunity for Antioch came when 
Troilus died early in 431. Bishop John of Antioch 
must have looked upon the coincidence of Troilus’ 
death at this time as a chance to obtain a ruling 
at the council which had already been summoned 
to meet at Ephesus later in the year. In order 
to make sure that he would have this opportunity, 
John enlisted the support of Flavius Dionysius, 
the magister militum per Orientem, or commander 
of the imperial troops in the Diocese of the Orient, 
who had his headquarters at Antioch. Flavius 
Dionysius was prevailed upon to issue an order, 
dated at Antioch, 21 May 431, addressed to Theo- 
dorus, the consularis or governor of Cyprus, for- 
bidding the consecration of a metropolitan in 
Cyprus before the forthcoming meeting of the 
council at Ephesus, and stipulating that if a con- 
secration had taken place before his order reached 
Cyprus, the bishop who had been elected was to 
appear at Ephesus to offer explanations.** Diony- 
sius also wrote to the clergy of Constantia, the 
metropolitan see, ordering them to postpone the 
choice of a successor to Troilus until the council 
at Ephesus had issued a ruling on the status of 
Cyprus, and adding the same provision to cover 
any election which might have taken place before 
the arrival of his letter; in this stipulation, both 
the new metropolitan and the other bishops con- 
cerned were in such a case to appear at Ephesus.** 
To enforce his orders, Dionysius sent two officers 
from his headquarters, Maturius and Adelfius.'* 
A deacon of the church at Antioch accompanied 
them.** 

Reginus was elected metropolitan of Constantia 
—whether before or after the arrival of Dionysius’ 
instructions is not clear—and proceeded to Ephe- 
sus with other Cypriote bishops, in order to claim 
that Cyprus had always been independent in the 
matter of episcopal appointments.’® Reginus first 


showed his position by making an exceptionally 
violent attack on Nestorius in a sermon delivered 
at Ephesus during the meeting of the synod.*° He 


15 Dionysius’ order, which includes a penalty of a fine 
if Theodorus’ office does not carry out the instructions, 
is extant in both the Latin original and a Greek transla- 
tion, both of which the Cypriotes brought with them to 
Ephesus (Schwartz, Acta Conciliorum, I, 1, pt. 7, pp. 
119.30-121.31). 

16 Schwartz, Acta Conciliorum, I, 1, pt. 7, pp. 120.37- 
121.9. 

17 [bid., 120.8. 

18 [bid., 119.13. 

19 [bid., 121.42-45. 

20 Schwartz, Acta Conciliorum, I, 1, pt. 2, pp. 70-71. 
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then appeared with his colleagues before a session 
of the council to ask for a decision on the rival 
pretensions of Antioch and Cyprus. Since John 
of Antioch was not present at the session at which 
the Cypriote bishops presented themselves,”' there 
was only a one-sided hearing of the case. When 
questioned by the council as to who had conse- 
crated the last three metropolitans of Cyprus, one 
of the Cypriote bishops (as has been noted) re- 
plied that they had all been orthodox and that 
they had all been consecrated by the bishops of 
Cyprus, and that no Antiochene or other bishop 
had ever had any power of ordination in their 
province. The council seems to have made no 
investigation, and there was no opportunity for 
cross examination or for the presentation of the 
Antiochene position. Nevertheless, the council’s 
decision—embodied in a resolution, not a canon 
—was contingent: ** 


. . . If, as it is asserted in memorials and orally by 
the religious men who have come before the Council 
—it has not been a continuous ancient custom for 
the bishop of Antioch to hold ordinations in Cyprus, 
—the prelates of Cyprus shall enjoy, free from moles- 
tation and violence, their right to perform by them- 
selves the ordination of bishops [for their island]. ... 


If John of Antioch had been present at this ses- 
sion, he might or might not have been able to 
present the claim of Antioch successfully; but it 
is noteworthy that although the council’s decision 
in favor of Cyprus was made contingent upon the 
Cypriotes’ claim being true, there is no record 
that the Patriarchate of Antioch ever attempted 
at any subsequent council to have the declaration 
of Ephesus reversed. 

Moreover, there is one very distinct indication 
that John was aware of a weakness in the An- 
tiochene claim. John had occasion later to write 
a letter to Proclus, Patriarch of Constantinople 
(443-446), in which he listed the provinces which 
were subject to the ecclesiastical jurisdiction of 
Antioch, and Cyprus is not included in this list.** 
If John had been anxious to keep up the claim 
of Antioch, it would seem that he would have 
made a point of including Cyprus in the list of 
provinces subject to him. 


21 Kidd, History of the Church 3: 248-249. 

22 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 122.1-22. 
Only a part of the resolution is reproduced above, in the 
translation of W. Bright, The Canons of the First Four 
General Councils, ed. 2, 136, Oxford, 1892. 

23 Migne, Patrologia Graeca, LXXXIV, 811-812, ch. 
197. 
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One further detail might be indicative of a 
weakness in John’s position, though here we are 
not really well enough informed to be sure that 
it is to be interpreted in this way. The Cypriote 
bishops, in their petition at Ephesus, made it one 
of their grievances that the order postponing the 
election of the metropolitan was issued by the 
magister militem per Orientem Dionysius, who, 
they said, was officially entrusted only with mili- 
tary matters and had nothing to do with ecclesias- 
tical affairs.°* That something of the same im- 
pression prevailed among the members of the 
council is suggested by the circumstance that their 
first thought, after the documents of the Cypriote 
bishops had been read into the record, was that 
while the documents were “clear,” the reason 
which prompted Dionysius to act was “obscure” ; 
and so, as their first question, the members of the 
council asked the Cypriote bishops what it was 
that moved the magister militum to send these 
orders.** The Cypriotes’ reply—whether correct 
or not, we cannot be sure—was that Dionysius 
had acted “at the suggestion” of the bishop of 
Antioch.** 

Of course it was plain to everyone that the 
council, dominated by Cyril, was hostile to An- 
tioch, and all the remarks quoted above were made 


and heard—against a background which every- 


one understood. However, what was said may 
well mean that such proceedings actually did not 
fall within Dionysius’ duties, and that John of 
Antioch had enlisted Dionysius’ support—and this 
of course was powerful—because the patriarch 
preferred not to apply to the proper official, who, 
we might expect, would be the comes Orientis, 
as the regular superior of the consularis of Cyprus. 
Of course the army was responsible for order and 
security, and in such a matter, in this region, the 
magister militum per Orientem was the respon- 
sible official ; but whether he would be authorized 
to act as he did, in such a case as this, independ- 
ently (as it seems) of the comes Orientis, we 
cannot be sure. The magister militum would seem 
to have been a religious man, for he was cured 
by St. Symeon Stylites of what seems to have 
been a heart attack.*7 We know that he was a 

24 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 119.2-5. 

25 [bid., 111.10-14. 

26 [bid., 119.18. 

27 See the Syriac biography of Symeon edited by H. 
Lietzmann and H. Hilgenfeld, Das Leben des heiligen 
Symeon Stylites, Texte und Untersuchungen 32 (4): 
117-118, Leipzig, Hinrichs, 1908. Dionysius was consul 
in 429 (Lietzmann, op. cit., 246; O. Seeck, Dionysios, 
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friend of Bishop Theodoret of Cyrrhus,”* who 
lent his support to John of Antioch in the dispute 
with Cyril of Alexandria over Nestorius’ views,” 
and we also possess a letter of Dionysius ad- 
dressed to the bishops of Syria in which he enjoins 
them to bring themselves into communion with 
John of Antioch or leave their cities.*° Certainly 
Dionysius the magister militum seems to have 
been an ally—whether in a personal or an official 
capacity—of the Antiochene patriarch and his 
friends; and it is quite possible that it was on 
purely personal grounds that Dionysius used his 
powers in these matters, powers which the comes 
Orientis may not have been in a position to dispute. 

Antioch did make one more effort, in the reign 
of Zeno, to establish ecclesiastical control over 
Cyprus. This attempt was made in 488 by the 
monophysite Patriarch of Antioch Peter the 
Fuller. Unfortunately our knowledge of Peter’s 
effort depends upon a hostile source, which is 
demonstrably inaccurate in some of its historical 
details, namely the encomium of St. Barnabas 
written by the monk Alexander of Cyprus in the 
middle or latter part of the sixth century, several 
generations after the episode itself.** Thus we 
cannot be sure just how Peter set about his at- 
tempt. According to the monk Alexander, who 
was a Cypriote and was writing his encomium 
in order to provide evidence for the independence 
of his island, Peter tried to assert the ecclesiastical 
supremacy of Antioch, and the Cypriotes rejected 
his claims because, they said, their church had 
always been free up to that time, and, in addition, 
because Antioch were 
monophysite, so that the pious and orthodox clergy 


Peter and the church at 


Pauly-Wissowa, Realencyclopaidie 5: 915), but we do 
not know the dates of his tenure of the office of magister 
militum beyond the period of the episode under discussion. 

28 Schwartz, Acta Conciliorum, I, 1, pt. 7, p. 147.8-12. 

29 Kidd, History of the Church 3: 225, 232 ff. 

30 Migne, Patrologia Graeca, LX XXIV, 758-759, ch. 
143. 

31 Alexander’s encomium, in Greek, is obviously a 
tendentious document composed to support Cyprus’ claim 
to autocephaly. It is printed in Acta Sanctorum, Junii, 
tome II, 436-452, the account of Peter the Fuller’s at- 
tempt on Cyprus, and of the discovery of St. Barnabas’ 
remains, being on pp. 441-447. For a criticism of this 
work, and a summary of the internal evidence which 
places its composition in the middle or latter part of the 
sixth century, see R. A. Lipsius, Die apokryphen A postel- 
geschichten und Apostellegenden 2 (2) : 270-304. Braun- 
schweig, 1884. A Latin version of Alexander’s encomium 
is printed in Migne, Patrologia Graeca, LXXXVII, pt. 3, 
where the passage on Peter the Fuller appears at cols. 
4099-5104. 
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of Cyprus could not be in communion with them. 
Then, according to Alexander, Peter produced a 
new basis for his claim. Citing neither the sixth 
Nicene canon which had been quoted at Ephesus, 
nor the declaration on Cyprus made by the bishops 
at Ephesus, Peter the Fuller attempted to assert 
the ecclesiastical control of Antioch over Cyprus 
simply on the ground that (as related in Acts 
11: 19; 13: 4-12; 15: 39) Christianity had been 
taken to Cyprus from Antioch, which was an 
apostolic foundation, and that therefore Cyprus 
should be subject to Antioch. Peter’s argument, 
of course, could have the consequence that the 
see of Antioch could claim ecclesiastical control 
over a number of churches, in addition to Cyprus, 
lying outside the Diocese of the Orient, and it 
may be difficult to believe that even Peter the 
Fuller could have hoped that this argument would 
carry weight. However, St. Barnabas, Cyprus’ 
chief saint, saved the day, according to the well- 
known story. Ina dream, he revealed the location 
of his tomb, previously unknown, to the bishop of 
Constantia. The bishop and people, setting out in 
solemn procession, went to the spot described and 
found the remains of the saint, with, reposing on 
his chest, a copy of the Gospel of Matthew written 
in St. Barnabas’ own hand.** In the circum- 
stances, this discovery could only be taken to 
mean that St. Barnabas had intervened and had 
arbitrated the question, clearly indicating that 
his decision was in favor of Cyprus.** The em- 
peror was readily convinced by this demonstration 
of the saint’s opinion, and the imperial favor was 
assured when the precious copy of the Gospel 
of Matthew was presented to Zeno, who arranged 
to preserve it carefully in the palace at Constan- 
tinople. To the emperor and a council which he 
summoned to consider the matter, the revelation 
of Barnabas’ resting place, and of the copy of the 
gospel, furnished indisputable proof that Cyprus 
was as much of an apostolic foundation as An- 
tioch; and the past history of the question being 


82In addition to the full description of the discovery 
of the relics in the encomium of Alexander, brief notices 
of the event are preserved in several chronicles: Victor 
Tonn., ad an. 488 (in Mommsen, Chronica Minora 2: 
191) ; Theodore Lector, Hist. eccl. 2, 1 (Migne, Patro- 
logia Graeca, LXXXVI, 1, col. 184 B); Cedrenus, I, 
618.22-619.6 Bonn ed.); Leo Grammaticus, 117.16-21 
3onn ed.; Joel, 43.6-12 Bonn ed.; Nicephorus Callistus, 
Eccl. hist. 16, 37 (Migne, Patrologia Graeca, CXLVII, 
200 C); Georgius Monachus, 2: 619.1-8 ed. De Boor; 
Theodosius of Melitene, p. 82, ed. Tafel. 

33 W. Telfer, The Didache and the Apostolic Synod 
of Antioch, Journal of Theological Studies 40: 137, 1939. 
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what it was, it followed that Cyprus should be 
autocephalous.** There is no indication why An- 
tioch, with which Barnabas had been so closely 
associated, had not made an effort to claim the 
saint’s patronage. It is to be noted that a num- 
ber of the chroniclers who record the discovery 
of Barnabas’ remains, and of the copy of the 
gospel, state that the autocephaly of the island had 
its basis in this discovery, and do not mention the 
pronouncement of the Council of Ephesus. 

After this, we do not hear of the subject until, 
at the Council in Trullo (692), the rights of the 
Cypriote church were reaffirmed * in order to 
make clear the position which it had been occupy- 
ing as a church in exile, following the occupation 
of the island by the Moslems. At some period 
which cannot now be determined accurately, an 
unknown forger, attempting to support the claim 
of Antioch over Cyprus, wrote a false canon, sup- 
posed to have been formulated at Nicaea, accord- 
ing to which Cyprus was subject to Antioch it 
the matter of the consecration of the archbishop 
of Cyprus. This canon is preserved among the 
eighty Arabic “canons of Nicaea,” which pretend 
to be translations of lost Greek originals, but are 
demonstrably falsifications made for various spe- 
cial purposes. This forged canon concerning 
Antioch and Cyprus must be later than 431, but 
how much later it was written, we cannot now 
tell.** As has been pointed out, if this canon, 
now preserved in Arabic, were authentic, it is 
inconceivable that it should have been overlooked 
when the subject was considered at Ephesus in 
431. 

Such is the history in ancient times of this 
question, which played such an important part in 
preparing the background of the present situation 
in Cyprus. It is possible that further evidence 
may in time come to light, but the main course of 
the development seems quite clear, and we can 
hope only that some day some of the details may 
be further clarified. 


34It is to be noted that some of the ancient sources 
state that Cyprus was to be subject, in some respects, to 


Constantinople. It has been supposed that “Constan- 
tinople” represents a slip of the pen for “Constantia.” 
See Hill, History of Cyprus 1: 278, n. 3. 

35 Canon 39 of the Council in Trullo (Mansi, IX, 961). 
The status of the church of Cyprus is said in this canon 
to be based on “canon” 8 of Ephesus. 

36 A Latin translation of the Arabic canon concerning 
Antioch and Cyprus is printed in Mansi, II, 964, c. 37 
(cf. 994, c. 43). On the falsity of the Arabic canons of 
Nicaea, see Hackett, op. cit., 14-16, and Hefele-Leclercq, 
Histoire des conciles 1: 512-520. 
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AMONG the Greek dramas that have survived 
to modern times, few have been the object of 
more interest, study and disagreement than the 
Prometheus Bound. Scorned by the orderly 
eighteenth century, admired by the Romantics 
of the nineteenth, the play is still being studied 
by professional scholars and read by a wider 
public; and no year passes without its share of 
new publications on Prometheus. In the follow- 
ing Notes | shall not concern myself with a 
number of problems that have been vigorously 
explored for the past hundred years. I shall not, 
for example, attempt to determine the date of 
the play, or try to illuminate the play from out- 
side by looking for references to contemporary 
persons and events or by citing parallels of 
thought and language in other works of Greek 
literature (many such parallels are adduced by 
Thomson and Groeneboom, to name only two 
editors); nor shall I concern myself with the 
staging of the play. Rather, | propose to study 
the vocabulary closely, taking full account of the 
many and striking repetitions; and to examine 
the leading metaphors, their interrelationships 
and what they contribute to understanding the 
play as a whole, while recognizing that if we had 
the other two plays of the trilogy, our interpreta- 
tion of particular points would undoubtedly be 
broadened or changed. 

Although I neither began nor carried out this 
study with a view to refuting the suggestion that 
Prometheus Bound is not by Aeschylus, a theory 
whose most serious exponent was Wilhelm 
Schmid (‘Untersuchungen zum Gefesselten Pro- 
metheus,”’ Tiibinger Beitrdége 9, Stuttgart, 1929), 
I feel that these Notes answer one of Schmid’s 
objections to considering the play authentic: 
viz., the abundance of verbal echoes and outright 
repetitions. A careful reading of the play has 
convinced me that the repetitions, far from being 
aimless and awkward, are highly meaningful and 
must have been used intentionally to produce a 
closely interwoven and subtle structure. It is 
my feeling that the play cannot be the work of 
some poetaster, as Schmid implies, but that it is 
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a bold and, on the whole, successful experiment 
with a particular verbal device. 

There have been many editions of the play 
since 1800, most of them slight, for the Greek 
of the play is easy and it has been much read in 
the schools. I have learned most from two 
of the larger editions, those of Thomson and 
Groeneboom, which tend to supplement one 
another. Yet neither of these editors is con- 
cerned primarily with the problems that I shall 
discuss in these Notes. I have read only part of 
the school editions in English and very few of 
those in other languages; but I observe that one 
or another of these editions will occasionally 
anticipate one of my own observations, and I do 
not doubt that an examination of all the school 
editions would disclose other such anticipations. 

Two methods are available for examining the 
vocabulary and metaphors of a literary work. 
One can write essays on particular words or 
metaphors, drawing the evidence together from 
various parts of the original work, or one can 
compose notes seriatim. | have chosen the latter 
method because it seems to me essential for the 
reader’s mind to travel through a work in order, 
from beginning to end, since elements of order 
are among the most essential aesthetic devices. 
An essay, on the other hand, concerning Pro- 
metheus’ chains and the various metaphors used 
in connection with them would be a re-ordering 
of the play, a kind of rewriting of Aeschylus that 
would obscure the fact that all references to 
chains do not occur together, but are scattered 
throughout the play, each in its own context. 
Notes have their unavoidable disadvantages: 
some repetition, and many cross-references. 

For the text and line numbers I| have followed 
chiefly Murray’s Oxford Classical Text of 1955. 
After the Notes I have appended an index of 
important Greek words and a selected bibli- 
ography, many of the titles in which are referred 
to by short title in the Notes. The abbrevia- 
tions of the names of periodicals are those used 
by J. Marouzeau, L’année philologique. The 


symbol )( denotes a contrast. 
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For a number of valuable corrections and sug- 
gestions | am indebted to Professor Friedrich 
Solmsen of Cornell University and to an anony- 
mous referee of the American Philosophical 
Society. 

NOTES 
PROLOGUE: 1-127 


1 X@ovds: Thomson claims that this word 
“strikes the keynote of the drama.”’ How, is 
not clear: for although the word occurs twelve 
times in the play, its uses are not at all striking. 


tndoupdv: Prometheus’ place of punishment is 
remote, at the ends of earth. Similarly, Io will 
wander far at the earth’s end and finally find rest 
in Egypt (807f.). The first of many parallels 
between Prometheus and lo: cf. 15, 69, 93, 95, 
98-100, 108, 158, 179, 237, 264, 267, 323, 578, 
595, 597, 672, 690, 746, 748, 755, 807, 846, 879, 
991, 1045, 1050 f., 1054, 1056, 1057, 1062. 

2 XxiOny: Scythia symbolic of the uncivilized 
(evidence in Thomson), hence a fit place of 
punishment for the god who traitorously gave 
civilization to men (442-506). In 707-712 Pro- 


metheus warns lo of approaching the Scythians, 
who do not practice agriculture (cf. the Cy- 
clopes), but live a nomadic life in covered wagons. 


&Bporov . . . épnuiay: Prometheus condemned to 
isolation, though the savage Scythians are close 
by. The god who loved mankind too well 
(gi\avOpwrov tporov, 11 and 28) shall be cut off 
from mankind (dravOparw 20, ayeiroves 270, 
aorpoyeirovas 721). Prometheus has been rele- 
gated to the realm of meteorological phenomena, 
with which Zeus attacks him at the end of the 
play (989-994, 1043-1050, 1080-1090), the ele- 
ments, which he invokes as soon as he is alone 
(88-92), and the gods, who visit him throughout 
the play. His épnuia is thronged, but not with 
mortals. The variant reading &Sarov does not 
bring out the appropriateness of Prometheus’ 
punishment so clearly. 

3 f. Cratos reminds Hephaestus of his duty to 
Zeus, as Hermes reminds Prometheus at 947 f. 
Cratos and Hermes are both zealous flunkies. 
Cratos is the embodiment merely of Zeus’ phys- 
ical power, as his name implies, while Hermes 
voices Zeus’ point of view. Cratos addresses 
Prometheus only to insult him (82-87), while 
Hermes uses both persuasion and threats. Pro- 
metheus does not speak to Cratos; by the time 
Hermes appears, Prometheus has grown self- 
confident and defies Zeus to do his worst. 
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4 xarjp: A purely genealogical relationship )( 
the Jewish-Christian concept of the fatherhood 
of God. Zeus as father appears in different lights 
as the play progresses. In 4, 17, 40, and 53 he 
commands with unquestioned authority; but he 
is insecure in his relationships, for we learn at 
768 that Thetis may bear him a son more power- 
ful than himself, and at 910 that he is under the 
curse of his own father. At 947, 969, and 984 
Zeus commands and is refused. In the Homeric 
poems Zeus is often called rarjp avipay re Gea re. 
At the start of his reign Zeus was concerned only 
to rule the gods; for the other part of his brood, 
men, he shirked his responsibility (228-233), 
which was then assumed by Prometheus. Pro- 
metheus was Zeus to mankind, knows it, and is 
proud of it (234 f., 442-446, 502-506). In fact, 
because he helped Zeus to his throne he some- 
times thinks of himself as a Zeus to the gods too 
(439 f., cf. 228-231). Prometheus and Zeus are 
much alike, as will appear: a fact that makes 
their conflict all the more bitter. 


rovée: 43, 52, 70. Cratos uses the third person 
of Prometheus till he insults him (82 ff., Thom- 
son), while Prometheus utterly ignores Cratos 
and Hephaestus (cf. n. 215). 


5 tWmroxpnuvas: n. 18. 


Aewpyov: Whatever the etymology of this word, 
it is the first indication in the play that the gods 
regard Prometheus as a criminal. It may be 
that the Greeks of the fifth century associated 
the first part of this compound with Aes: cf. 
Suid., s.v.; Schol. ad loc. If so, the word em- 
bodies the essence of Prometheus’ crime in the 
eyes of the gods: he worked for the people. 


éxuaca: also 618. Metaphor from harnessing 
a horse (Groeneboom; and Dumortier, Les 
images, 63). The first of many metaphors based 
on the control of domestic animals. Tyrants 
reduce their victims to the state of subjection in 
which men hold animals: a topos in Greek 
tragedy. Dumortier, op. cit., Chap. IV, Le 
harnois de Prométhée, maintains that this is the 
dominant metaphor of the whole play; it is, in 
fact, frequently used, but other metaphors (e.g., 
inflexibility) are even commoner, and there is no 
reason why we should regard a play as having 
just one dominant metaphor. Del Grande, 
Hybris, 453, is surely nearer the truth when he 
lists six (perhaps seven) dominant themes. 


6 déapavrivwy . . . appnxras: Cratos calls the 
fetters unbreakable and not capable of being 
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overcome, and Prometheus’ future seems hope- 
less as the harsh, unsympathetic Cratos describes 
it; but even at 19 Hephaestus, a fellow-god, 
tones appyxras down to dvedbras. Presumably 
Hephaestus too thinks Prometheus’ fate hope- 
less, but he does not wish to state the truth with 
unkind bluntness. By 771, 785 6 ddowr is in 
sight. déauayrwos is used again in 64 of the 
wedge driven through Prometheus’ breast, and 
adapavrdderos in 148 of the chains; but Prometheus 
will escape both them and the power of Zeus. 
Paradoxically, Prometheus will escape Zeus’ 
domination through the aid of Heracles, the 
descendant of Io, who is called the dauap (834) 
of Zeus; and Zeus’ power is threatened by a child 
that may be borne to him by Thetis, another 
dayap (767). Similarly, 49 Aegyptiads were sub- 
dued by their Danaids (861). The seemingly 
weak can overcome the apparently invincible. 
In truth, the adjectives déayavrivos and a&ppnxros 
suit Prometheus more than his chains: on Pro- 
metheus’ character see J. Davison in TAPA 80: 
67-73, 1949. 


7 ro odv ... &vOos: Fire, named third (252) in 


Prometheus’ list of his gifts to man, is brought 
forward here as an argumentum ad Hephaestum 
(so Schol.). Hephaestus takes no notice of it 
(Thomson on 29-30). 


wavréxvou : Fire is important to men chiefly for the 
crafts that it makes possible (254). The word 
réxvn, as Solmsen remarks (p. 141f.), leads 
Aeschylus to elaborate Prometheus’ services to 
mankind: cf. unxavnuara (469), rexvar (506). In 
110 fire is called the d:dacKxados réxvns raons Bporois 
(cf. 254). From 253 f. and 506 it appears that 


Prometheus is ravrexvos more truly than fire, just 
as he is more invincible than his bonds. 


mupos céXas : Cf. pMoywrov rip (253), Rose in Eranos 
45: 93, 1947. 


8 @vnroio.: The various words for gods and 
mortals are exceedingly common in this play, 
which concerns the relations between gods and 
men and the fate of a god who dared to cross the 
boundary of divine privilege. 


Geos —33 times 
660 (a) vros—3 
daipwr—5 
paxap—2 


Ovnros—16 times 
Bporés—13 
Bporoarvyns—1 
égnuepos—3 
égnuépros—1 
avOpwros—2 
gthavOpwros—2 
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xAévas: Prometheus’ crime is here identified as 
krorn (cf. 82f., 109f., 252, 612, 946, and del 
Grande, 99-104). Prometheus admits the charge 
at 110 and Hermes, who is in some respects a 
renewal of Cratos, repeats the charge in 946. 
The word yépas (see Index) expresses a similar 
notion. Cf. Davison, op. cit., 68 f. 


&mracev : vox propria of Prometheus, cf. 30 and 252. 


roacée rox: Prometheus flings this type of accusa- 
tion back at his enemies in 221, 237, 913, and 
920 (Thomson). He is far from meek and 
submissive. 

9 ayuaprias: To Cratos and Hephaestus (30) 
Prometheus is a sinner against the divine order. 
In 259-261 the Chorus point out to Prometheus 
that he has sinned, and he freely admits it (266): 
in order to help men. Surely Farnell is wrong 
in JHS 53: 43-45, 1933, when he states that 
Prometheus is sinless, ‘‘a noble and lovable 
being.”” Prometheus, like Antigone, has of- 
fended against the existing vouo because of other 
moral imperatives not recognized by the powers. 
Like Antigone, he might describe himself as a 
“righteous sinner,’ but he is none the less a 
sinner (266). Nothing could be less lovable than 
Prometheus’ querulous and acrimonius self- 
righteousness ; yet he acted from a noble motive, 
pity for man’s hard lot (239). 


Geois : the counterpart to Ovnroia (8). 


dixnv: elsewhere only at 30. In 976 and 1093 
Prometheus calls his punishment unjust, but 
that feeling comes to him only after witnessing 
the spectacle of Io’s sufferings and hearing the 
threats of the contemptible lackey, Hermes. 
dixn is not a leading idea of this play, as it is in 
the Oresteia (n. 30); it is Zeus’ dignity and self- 
importance that have been offended, not Justice. 
E. Wolf, Griechisches Rechtsdenken 1: 371-378, 
Frankfurt a.M., 1950, interprets the whole Pro- 
metheus trilogy as a conflict between the hybris 
of Prometheus and the dixy of Zeus; but the true 
state of affairs is shown by the fact that Kauf- 
mann-Biihler has almost nothing to say about 
Prometheus. 


10 &5ax67: Throughout the play there is great 
emphasis on learning and teaching, primarily 
because Prometheus was a great teacher of man- 
kind. Cratos, both here and at 62, turns Pro- 
metheus’ ability as a teacher into an insult: the 
teacher will now be taught his inferiority to the 
power and wisdom of Zeus. The advice of the 
Chorus, ‘‘Physician, heal thyself,’ is similar 
(472-475). On the theme of waa pabos see 
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Dorrie, especially p. 327 f. Verses 442 ff. show 
how Prometheus taught men to use their wits. 


rupavvida: With d&dax6p this gives us the an- 
tinomy of power vs. intelligence: Havelock, 
Chap. 8. Zeus as tyrant is a theme developed 
with a wealth of metaphorical detail: cf. Nestle, 
29-34, and Todd, “‘The Character of Zeus,”’ CQ 
19: 127-130, 1925. Zeus’ tyranny has been a 
happy hunting ground for those who look for 
contemporary allusions: e.g., Stoessl in AJP 73: 
127-130, 1953, gives a political interpretation of 
the whole play and finds in it references to the 
struggle between Themistocles and Cimon in 
474/3; while Davison, Joc. cit., sees references to 
the events of 463-457 and identifies Cronus with 
Cimon, the Titans with Athenian conservatives 
such as Ephialtes, and Zeus with Pericles.. Such 
identifications, with our incomplete knowledge 
of the mid-fifth century, can be no more than 
entertaining speculations, true though it is that 
Aeschylus and his contemporaries must have 
formed their concept of tyranny at least partly 
from the events of their own day. Zeus is a 
tyrant, not for the sake of some local allusions, 
but because tyranny is rule by force: Reinhardt, 
Aischylos als Regisseur und Theologe, 42-48. 
Knight's attempt to plumb the subconscious of 
Aeschylus and identify the struggle of Zeus and 


Prometheus with the struggle between group 
values and the individual's self-expression seems 
speculative in the extreme (JH'S 58: 53 f., 1938). 
Nor can we accept the suggestion of Davison, 
op. cit., 73, that Zeus’ ‘apparent cruelties’’ are 
instruments for the accomplishment of his “‘large 


and loving purposes.”’ Zeus is not Jehovah, to 
chasten whom he loves. If Zeus’ purposes are 
large and loving, no character in the play has 
found it out. Even his love is destructive. 


11 ocrépyev: Ironical, particularly in conjunc- 
tion with giAavOpewrov. Prometheus has loved 
mankind too well (also 28 and 123) ; now he must 
learn to love Zeus, his worst enemy. 


ravecOa : In fact, Prometheus is inflexible like his 
bonds and the rock to which he is chained. 


Later he ceases, not his philanthropy, but his 
lamentations (615). 


12 Kparos Bia re: Cratos represents Zeus’ su- 
premacy ; Bia, a mute person, the brute force by 
which Zeus maintains his supremacy. 


évrody: refers back to émerodds (3). Zeus is a 
tyrant, and is usually obeyed : cf. 1032, 1080, n. 4. 
Cratos and Bia have finished their task, to bring 
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Prometheus to the earth’s end, and nothing now 
lies before them (éuroddv) to do. But éuroday is 
used in a double sense: not only does the actual 
chaining of Prometheus to the cliff lie before 
Hephaestus, but it is a stumbling block to him, 
for he, unlike Cratos, feels sympathy for a 
fellow-god. Vandvik, whose interpretation of 
the play is full of bizarre perversities, believes 
(39) that Zeus pitied Prometheus as much as 
Hephaestus did. 


14 &rod\yos: Hephaestus lacks the @pacos, rpa- 
xirns that characterize Cratos and, by implica- 
tion, Zeus. Cf. n. 42. 


ovyyern : The Scholia here and on 39 suggest that 
ovyyerys is used because Hephaestus regards Pro- 
metheus as a fellow-god of handicrafts. Groene- 
boom finds the suggestion over-ingenious. 


15 dnoa: cf. 119 and the title of the play. 


Bia: A pun on the name of Bia, proving—what is 
obvious—that the name is significant. Nomen 
omen: cf. 717. The play contains at least eight 
puns (possibly ten), all used in connection with 
the fates of Prometheus and lo: cf. 55, 74, 86, 
101, (576, 694?) 733, 840, 849. 


gapayy:: Also used of Prometheus’ place of 
punishment at 142, 618, 1017. 


bvexeuépw: used of lo at 746. Both Prometheus 
and Io are storm-tossed by Zeus. Cf. n. 562. 


16 avayxn: cf. 72. The constraint of Zeus lies 
heavy upon his subjects. Of Prometheus: 105, 
1052. The chains (108) are the embodiment of 
the avayxn that Zeus wields; but, paradoxically, 
Zeus himself is subject to avayxn (515-518): he 
is as truly bound as Prometheus. 


roAwav : cf. &rohwos (14), Thomson. 


17 warpds: n. 4. 
and érody (12). 
command. 


mwarpos Noy = émcrorai (3) 
A tyrant’s every word is a 


Bapi: The hand of Zeus is heavy upon the gods: 


cf. 77, and )( Prometheus’ dealings with lo and 
the Chorus (701). 


18 dp%oBovov: Though Prometheus is the son of 
Themis, whose deliberations are aright, his own 
thoughts have been haughty and _ hubristic 
(airvpnra) and lacking in eiBovAia, as Hermes later 
tells him (1008-1035). The place of Prometheus’ 
punishment is doubly appropriate: it is remote 
from men (n. 2) and it is high, like his own 
thoughts. With aixvyjra cf. airivwros of Dodona 
(830); and with ipnroxphyvas (5) cf. iWiyopos of 
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Prometheus (318). Moreover, Prometheus, the 
TrohuTpayuwv (505 f.), is immobilized and reduced 
to the édvyodpavia (548) of men. The punish- 
ment, by contrast and various correspondences, 
perfectly fits the crime: cf. also 2, 6, 10, 19, 32, 
87, 108, 142, 163, 195, 269, 314, 327, 370. 


. &kwv: cf. 671. Hephaestus is 
as reluctant to bind Prometheus as Inachus was 
to expel his daughter, but both felt powerless to 
resist Zeus’ avayxn. Anadiplosis is very common 
in this play: 29, 37, 92, 119 f., 192, 106 f. sim. 
197 f., 218, 266, 310, and 671. Editors comment 
on the form but not on the significance of these 
tropes, which are mostly associated with the 
struggle between Zeus and 
opponents. 


19 Gxovra . 


his subjects or 
dvarbras : Not adbras (154), cf.n.6. Hephaestus 
euphemistically terms the chains ‘‘hard to loose,” 
just as at 60 he says that Prometheus’ arm is 
fastened dvaexAbrws and at 34 he calls the mind of 
Zeus dverapairnra. In the sequel Zeus was per- 
suaded and Prometheus was loosed, just as he 
himself had saved men (935). Cf. n. 166. 


xadxetluao.: The working of metals was one of 
Prometheus’ gifts to men (502), cf. n. 18. 


20 rpooraccake’vow: 56, 65, 113. Groeneboom 
queries whether the verb alludes to crucifixion, 
as in other versions of the story. 

Cf. 21 f. 


rayw: of Prometheus’ place of punishment also 
117, 130, 270. 


aravOparw:n. 2. 


22 #Aiov: sun as tormentor )( sun as witness 
in 91f. Even in his first words Prometheus is 
less concerned with his sufferings than with the 
excessive nature of his punishment. 


23 dyeies: looks to a physical change in Pro- 
metheus, while raveo@ac (11) looks to a mental. 
aopéerw: n. 395, and cf. Deuteronomy 28: 67. 


27 6 Aw¢gnowv: Euphemism, as at 19; but 6 
Abowv appears at 771, 785, and Prometheus al- 
ludes to the end of Zeus’ wrath as early as 376. 
According to Dumortier, Jmages, 64, \weay refers 
to the head-shaking of an animal just released 
from the yoke; if so, cf. n. 81. Barbara H. 
Fowler gives the verb a medical sense: AJP 
78: 176, 1957. 


28 éxnipov: ironical, as this verb often is. 


giiavOpwrov trpémov: as in 11. Hephaestus is 
equal with Cratos in condemning Prometheus’ 
philanthropy, but he regards it in a different 
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233 
way. To Hephaestus Prometheus’ philanthropy 
is the cause of the sufferings that grieve Hephaes- 
tus; to Cratos Prometheus’ philanthropy is an 
evil trait that must be corrected. 


29 Geds Peay: 37,92,119f. In all four passages 
the anadiplosis (n. 19) marks Prometheus as the 
maverick at odds with the other gods. Pro- 
metheus too is aware and proud of his uniqueness 
(234, 502 f.). 


bromrnoowv : Cowering like animals and birds, and 
like Hephaestus before the wrath of Zeus, 
)( Prometheus at 174 and 960. 

30 The sin of Prometheus reinterpreted in a 
wider sense than by Cratos. Fire (7 f.) was but 
one of the @eav rtiyai stolen by Prometheus. 
Thomson compares 542-544. 


Tipas : 946. 


@tacas: 8. 


yépas (38, etc.) is similar. 


mépa dixns: cf. n. 9 and v. 507. By 976 Pro- 
metheus is convinced that his punishment is 
unjust: cf. Hirzel, 221. Zeus’ attendants are 
Cratos and Bia, not Dike; and Prometheus at 
last charges Zeus with injustice (1093). 


31 areprn: There is little joy in the play and 
most of it is bitter, ironical or cruel: cf. nn. 156- 
158, 160, 314, 536, 629, 631, 641 f., 698, 758, 
818, 1024. 


gpoupnoeas: cf. ppovpay afndov (143). 


32 dpbocradny: A consequence of Prometheus’ 
not being like dp8o8ovk0s Themis (n. 18). 
ov KaurTwy yoru: rigid, inflexible in body as well 
as in spirit. 
kaumrev suggests the breaking of animals (323, 
597, 692, 1009-1011): Stanford, 98. At 396 
Ocean’s steed wants to rest (cf. dopévw, 23) 
and can. 


33 avwyedcis: Prometheus helped both Zeus 
(222) and man (251, 501, 507, 613), but cannot 
help himself: cf. 43f. The theme of wasted 
labor is further developed in the scene with 
Ocean: 341-343, etc. 


34 dvorapairnra: n. 19. Zeus’ mind is like 
that of the Erinyes (Eum. 384); and, like them, 
in the end he relented. 


35 Groeneboom (15, n. 35) terms this verse 
the keynote of the play. Baglio (9-11) sees a 
reference to Xerxes. Vandvik (40f.) believes 
that Zeus is really just and that his supposed 
harshness is a delusion of Prometheus: and he 
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would translate aras rpaxis “appears to be se- 
vere." This must be a mass-delusion, for no 


character in the play considers Zeus kind, loving, 
and just. 


rpaxis: of Zeus also in $24, Cratos (80), and 
Prometheus (311). Cf. n. 42. 


véeov: Forms of véos occur thirteen times in the 
play, eleven times with reference to Zeus (95, 
149, 310 bis, 389, 439, 942, 955 bis, 960) ; cf. also 
veoxuos (150), veofvy7s (1009). This constant 
harping upon Zeus’ newness may indicate that 
he can improve in time: Todd, p. 62. The 
commentators have all remarked upon Zeus’ 
newness, from the Scholia on: ¢f. especially 
Solmsen, 150-152. The two remaining uses of 
véos are instructive. At 170 Prometheus hints at 
a véov BovAeupa that will someday cause Zeus’ 
overthrow (viz., his determination to have a 
child by Thetis): Zeus will fall by vewrepiopds, 
just as he came to power. And in 233 Zeus plans 
to create a new human race, thus making a com- 
plete sweep in his accession to power: cf. veoxpois 
vouos (150). 

36 pwédAes: cf. Auwiw (53, 529) and rpdxis (941). 
The servants of tyrants must step lively. He- 
phaestus delays out of sympathy for Pro- 


metheus, just as Prometheus at 627 is reluctant 
to reveal lo’s future. 


xarourity: The theme of sympathy is very fully 
developed in the play, especially with reference 


to Prometheus, lo and primitive man. See 
Index, s.v. admodbpoya, aroxdaiw, apnyw, apnéis, 
Boaw, daxpu, daxpvor, daxpucioraxros, dvaéaros, Opnvéw, 
Opnvos, xéap, Newpydos, weTeXxw, Evvacxardaw, oixTifw, 
ddobs, TacXw, Tovéw, crévw, Compounds of ovr-, 
raXairwpos, radas, and xapis. 


parnv: Wasted effort (44, 342, 447, 504, 1001, 
1007), typified by Typho (363 f.). Hephaestus’ 
sympathy for Prometheus is as useless as Pro- 
metheus’ plaints will be (33). 


37 Oeois . . . Oeov: n. 29. 


orvyeis: Hephaestus should hate Prometheus, 
but he really hates his own skill (45 f.), which 
enables him to bind Prometheus. Prometheus 
is free to say that he hates his enemies (978), 
especially Zeus (1004), and thus comes to the 
frame of mind that Cratos expresses here. 


38 7d cov . . . yépas: renews 7d odv Gvfos (7). 
yépas in same sense: 82, 107, 229. 


mpotéuxev: Prometheus betrayed the gods, the 
notion expressed by anadiplosis of Os. In 
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the end the Chorus refuse (1068) to betray 
Prometheus. 


39-81 Unusual _ stichomythia: Hephaestus 
speaks one verse to Cratos’ two. Hephaestus is 
distressed, uneasy in his conscience, and busy, 
while Cratos is self-assured (Groeneboom). 


39 1rd ovyyeves: renews 14. In 290 Ocean raises 
the same consideration. Though both Hephaes- 
tus and Ocean are aware of the claims of kinship, 
both fear the power of Zeus. Hephaestus re- 
luctantly does his duty, prodded by Cratos; 
Ocean rather easily gives up trying to help Pro- 
metheus, though he is warmer than Hephaestus 
in his protestations of friendship. 


éutdia: As fire-gods, united in Attic cult? 
and Willson, Groeneboom) 


(Sikes 


40 avnxovoreiy: Exactly what Prometheus and 
the Chorus do at the end. 


marpos \oywv: cf. 17. Cratos reminds Hephaestus 
of his previous statement. 


41 depaivas: The emotion tyrants inspire is 
fear, not love (11). Even Prometheus, who is 
usually bold (29, 542, 932, 960, 1003), fears 
briefly at 124-127 and 1090, near the beginning 
and end of his being on stage, as lo fears at 580 
and 881. The Oceanids are afraid for both Pro- 
metheus and Io: 144, 181 f., 696 (cf. 901 f.). 


depaives echoes deavoy (39): Weil. 


42 vndjs: Cratos is an extension of the person- 
ality of Zeus (240): so Scholia. )(Prometheus’ 
pity for men (239). 


@pacovs: Cratos, Prometheus (178), Heracles 
(871) and Zeus (916) share this quality with the 
Danaids (861), and Prometheus tells lo (730) 
that she would do well to cultivate it. The 
victims of tyranny are forced to become like 
their oppressors: so Prometheus is as harsh and 
stubborn as Zeus (cf. Finley, 222 f., 230), and 
would be equally intolerable if he kept the same 
character in favorable circumstances (979). 


43 dxos . . . ovdév: First appearance of the 
disease metaphor : Prometheus cannot be helped, 
although he taught remedies to men (482). (Cf. 
472-475. For a thorough discussion of the dis- 
ease imagery and its implications, see Barbara 
H. Fowler, “The Imagery of the Prometheus 
Bound,” AJP 78: 173-184, 1957. 


44 1a undey dgedovvra: cf. 33. Cratos compares 
Hephaestus to Prometheus with his useless la- 
mentations. Prometheus talks to Ocean in the 
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same vein, since he knows that his position is 
hopeless until the fullness of time (342 f.). 


Cratos and Hephaestus think it completely 
hopeless. 


uh wove parny: cf. 36, 342 f. 
45f. Cf. n. 37. 


46 révwv: Many times of the sufferings of Pro- 
metheus and Io (n. 267); once (425) of Pro- 
metheus’ brother, Atlas; in 75 of Hephaestus 
(see n. there); paradoxically of Zeus at 931, an 
instance of the theme ica zpds ica, which is 
common in the play, since Prometheus longs for 
the day when the tables will be turned. 


amr\w Adyw: cf. Thomson. -rappnoaia is a privilege 
of tyrants, but Prometheus cultivates it freely in 
the play: 610, 975, AaBpooropéw (327), EevOepo- 
orowew (180), n. 42. I believe Hiltbrunner mis- 
taken (76) when he finds the repetition of ar\@ 
hoyw without significance. Groeneboom takes 
the phrase to mean “speaking generally,’’ but 
that meaning seems unlikely in 975 and will not 
do in 610. 


47 trav viv rapdyvrwr: cf. 26 and n. 271. Cratos 


and Hephaestus tend to live in the present, while 
Prometheus ranges through all time and space. 


réexvn: 110, 254, 477, 497, 506. 


50 é\eiMepos: The tyrant alone is free, not re- 
sponsible to anyone (324); but Prometheus, 


though confined in body, is free with his tongue 
(n. 46). 


51 Hephaestus begins to weaken, and Cratos 
renews his urging. 


52 f. éweitn . . 


. Ecvbovra: n. 36. 


53 mpocdepx6n: The formidable eye of the gods, 
feared by the Chorus in 903. Cf. baleful eyes of 
Typho (356), Argus (569), Zeus (654), Graeae 
(795). The baleful stare of enemies is what 
Prometheus dislikes most in his extremely public 
place of confinement: hence, his extraordinary 
sensitivity to being stared at (152 ff., etc.). 
Prometheus is in the pillory. 


mwarnp: n. 4. 


54 Wadia: Part of a harness: Scholia. Cf. n. 5. 
Thomson, ad loc., collects the harness metaphors. 


dépxecOa: picks up mpocdepxOp. If Zeus cares to 
look he can see the fetters ready to put on Pro- 
metheus: cf. 562. 
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55 éyxparei: Cratos puns on his own name, cf. 
n. 15. Cratos is the manifestation of Zeus’ 
power: Maddalena, p. 136. 


odéve.: The strong men are Cratos, Typho (362) 
and Atlas (428). The power of the latter two 
has been overcome, and Cratos’ power may come 
to nothing, for brute force can be overcome by 
guile (212f.), a fact of which Cratos is fully 
aware (87). 


56 paornm: The paornp may be used on Zeus 
one day (189): ica mpds ica, n. 46. 


Geive: 76. Cratos is unfeeling and hard; but so 
is Prometheus, for it is Hephaestus who groans 
(66) when the wedge is driven into Prometheus’ 
breast. 


57 Hephaestus is finally getting into the spirit 
of serving a tyrant, cf. 52f. wara recalls 44. 


Cf. 12 £. 


58 xada: Of Prometheus’ bonds also 176, 256, 


991. A grim joke, destined to be literally 
fulfilled. 


59 devos . . . ebpetv: well describes Prome- 
theus, the author of a whole series of devices 
(469), who counselled aipiAa pnxavai (206) to 
check the rule of Zeus. devdrns is another point 
of similarity (n. 42) between Prometheus and 
Zeus, for edpicxey is used in the play only of Zeus 
(96, 578, 922) and Prometheus (59, 249, 267, 
468, 475). The edpquara of Prometheus are all 
beneficient; those of Zeus, destructive. Zeus 
exemplifies the misuse of power. 
aunxavwy: cf. 469. 
mopov: 111, 477. 

60 ducexAdTws: n. 19. 


61 répracov: cf. moprat, part of a harness 
(Thomson on 54). LSJ* probably wrong to con- 
nect the verb with zdprn, ‘‘fibula.”’ 


62 Jibe of the teacher taught, n. 10. In 926 
(cf. 944) the tables are turned. Prometheus is 
proverbially wise: gdgicua (459, 470, 1011), 
coguoTns (62, 944), cogds (936, 1038 f.). Zeus, 
who should be wise, is in fact only powerful in 
this play. 

64 ddaparrivov: n. 6. 


aidaén: vox propria of tyrants, who please only 
themselves, cf. 50. The wedge is the instrument 
of Zeus (907). ai@adia is attributed to Cratos 
(79), but chiefly to Prometheus (436, 964, 1012, 
1034, 1037). ai@adia is another quality that 
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Prometheus shares with Zeus, along with @pacos 
and inventiveness: nn. 42 and 59. H. G. 
Robertson in CPh 34: 218, 1939, is, I believe, 
wrong in positing a conflict between Prometheus’ 
ai@adia and Zeus’ rpaxirns; both Prometheus and 
Zeus possess both qualities. Hermes, on the 
other hand, lives to please Zeus. On ai@adia cf. 
Bacon in CR 42: 115f., 1928, and Schmid, 
Griech. Literaturgesch. 3(1): 288, n. 10. 


yvabov: In 368 of devouring, volcanic fire. Cf. 
Prometheus’ eagle and Io’s gadfly. 
20, 56. 


éppwuévws: 76. Cf. Oeive in 56 and 76. 
monotonously tough. 


65 zaccaXev': 


Cratos is 


66 crévww: Prometheus, the object of many 
groans (68, 397, 409, 432, 435), does rather little 
groaning himself (99) and presently renounces 
lamentation completely (615). It is the weak 
Hephaestus who groans. 
trovev: n. 46. 


67 ai: cf. 36. 
xaroxveis: In 628 Prometheus is reluctant to tell 
lo her future woes. 


Avs . . 
975. 


. €xOpav: cf. 37. The hatred is mutual: 

68 Prometheus warns Ocean similarly (344— 
346, 373 f., 390); Hermes, the Chorus (1058- 
1062). All know Zeus’ malice. 


69 Hephaestus and Cratos pause to survey 
their work. Prometheus is now a public spec- 
tacle: n. 53. All four words in the line denote 
looking, and form a quasi-chiasmus. Looking 
and staring are very common in the play: see 
Index, s.v. d€pxoua:, érorrns, Ecopaw, Evopaw, Géa, 
Géapa, Bewpéw, Pewpia, Oewpds, Kadtrrw, 
Aaumpas, Aevoow, Supa, dpaw, ace, 
mpocBr\érw, Tpocdépxoua, Tpocopaw, yaos. 
dveGéarov : Of Io in 690. On the parallels between 
Prometheus and Io, cf. n. 1. 


KpUTTW, 
Tavorrns, 


70 dpa: mockingly echoes épas, a common de- 
vice in the play: cf. Thomson on 36-81. 


éxatiww: Prometheus knew that he would be 
punished, and rightly according to Zeus’ point of 
view, but he regards the method of his punish- 
ment as excessive (266-270). Vandvik, 41, ac- 
cepts ératiwy as literally true. 


71 pwacxadtornpas: Further use of animal im- 
agery. The victims of tyrants are treated no 
better than animals, and Io becomes one. 
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72 dvayxn: n. 16. 


undéy eyxéX\ev’ &yav: The famous Delphic adage, 
also in 327. Other references to Delphi are 
latent in Prometheus’ oracular responses to Io 
and the Chorus, and in his method of answering 
their questions: n. 778. Hephaestus finds Cratos 
too bossy. Excess is found in Prometheus at 


123, 180 ff., 318, 327, 544, 123, 383, 328, 1011. 
On excess in Aeschylus: Solmsen, 146 and n. 102. 


73 xeXebow: picks up éyxé\ev’. Hermes, an- 
other self-important flunkey, treats the Chorus 
similarly (1066). 


ériBwitw: “‘halloo on the hounds’ (Thomson: 
omitted by Mielke, 82-84). Cratos treats He- 
phaestus as an inferior, but Hephaestus takes no 
notice of it. Hermes, who talks in the same way 
to Prometheus (1041), gets a stinging retort. 
Hermes is like Cratos in his complete and self- 
important dedication to Zeus, but he is physically 
weaker and lacks ai@adia: thus we have épya in 
the Prologue (57, 75, 77), but Aoyo (1080) in the 
Exodos, until Zeus intervenes personally. Cra- 
tos attacks Prometheus’ person ; Hermes tries to 
shake Prometheus by words. Prometheus says 
nothing to Cratos, but pours out his wrath on 
Hermes, who commands less respect because of 
his weakness. 

74 xipxwoor : cf. xpixes, part of a harness (Schol., 
Thomson). 


Bia: asin 15. Cratos enjoys using Bia and talk- 
ing about it, Hephaestus does neither, and 
Hermes enjoys threats but cannot carry them 
out. ia characterizes the struggle between Zeus 
and the Titans (208, 353, 357), as well as Zeus’ 
treatment of Io (592, 737) and her father (672) ; 
Prometheus’ reaction to Zeus is violent (1010). 
75 ot paxp@ rovw: )(the prolonged wéva of Pro- 
metheus (n. 46) and lo. Hephaestus seems un- 


easy that a few minutes of his own work will con- 
fine Prometheus for ages or forever. 


. . Oeive: 65 and 56. 


d:aropous: At 181 the Chorus’ heart is pierced 
with fear for Prometheus. 


76 éppwyévws . 


mééas: About the ankles of Prometheus (cf. xwpe 
xatw, 74); hence, probably another animal meta- 
phor, since Homer uses réda of spancels. 


77 émitiynrns: The tyrant is also a supervisor 
of work done: cf. Zeus in the role of an éricxoros 
in 53 (Groeneboom). 


Bapis: n. 17. 
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78 Mental state (as displayed in words) and 
appearance correspond: so of lo in 673. The 
victim and the minion of tyranny are equally 
distorted. No doubt a reference to Cratos’ mask 
(Schol.). 


79 padOaxifov: Hephaestus is soft ; Prometheus, 
Cratos and Zeus (952) are alike in being hard. 
It is characteristic of Groeneboom that he notes 
the repetition of wad@axifoua in 79 and 952, but 
does not consider its significance. Inflexibility 
of Prometheus: n. 6, 379, 1008. Prometheus 
predicts the softening of Zeus in 188. 


ai?adiav: n. 64. Cratos is like the wedge, and 
Prometheus like the rock. 


80 dpyns: Used of Cratos, Zeus (190), Pro- 
metheus (315, 378) and Argus (678). 


rpaxurnra: Cratos is like Zeus (35, 186, 324) and 
Prometheus (311). Tyrants, their minions and 
their victims all tend to become alike: cf. n. 64. 
rpaxuTns also occurs in nature: in 726 directed 
against lo, in 1048 against Prometheus. Corre- 
spondence of man and the physical world, as in 
64 and 79. 


81 Hephaestus gives the reason for his presence 
in one verse, Cratos in eleven (1-11): Groene- 
boom. Hephaestus’ reason ends the 
mythia: cf. n. 39-81. 


sticho- 


augiSrnorp’ : 
bronTncowy 


Animal imagery: cf. dxuaoa (5), 
(29), Waria (54), mopracoy (61), 
pacxadtornpas (71), émBwitw (73), xipxwoor (74). 
Animal imagery is concentrated in the Prologue 
because the binding of Prometheus represents his 
reduction to the status of an animal. 


82 iS8pte: Prometheus’ sin regarded as hybris: 
cf. nn. 9 and 30. In 970, if the MS ascription 
of the verse to Prometheus is kept, Prometheus 
turns this insult against Hermes. Hybris has its 
physical analogue in the River Hybristes (717): 


cf. n. 80. 


yépa: n. 38. Now that Hephaestus has bound 


Prometheus, Cratos no longer emphasizes the 
theft of fire (7, 38), but describes the sin of Pro- 
metheus in broader terms, as Hephaestus himself 


did at 29f. Oeav yépa, cf. Peay ripas (29 f.). 


82 f. Oeav . . . &pnuéprxor: The central opposi- 
tion of the play: cf. 732 and 945. 


83 oviav: At 761 Prometheus predicts the 
theft of Zeus’s sceptre. Here Cratos returns to 
the thought and tone of the opening. 
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84 Men helpless to help their helper: cf. 545— 
550. Prometheus’ labor for men was in vain: 
cf. 36, 43 f. 


amavrAnoa: Prometheus is prepared 
drain his own cup of woe. 


(375) to 


trove: cf. 66 and )(75. 


85 Yevdwviws: Nomen omen: n. 717, and War- 
burg, 76-86, esp. 77 f. All the puns in the play 
(n. 15) are bound up with the fates of Prometheus 
and lo. There isa sort of correspondence among 
name, character, role in life, appearance, and 
habitat, well illustrated by Cratos: harsh and 
powerful, serves a harsh tyrant, wope7 in 78, seen 
on the rugged Scythian crags. The third jibe 
at Prometheus’ wisdom: cf. 10, 61 f. 


86 Prometheus proudly rejects this jibe in 
101-103, and proves his foreknowledge by gradu- 
ally revealing the future throughout the play. 
To Nestle (19 ff.) Prometheus is the embodiment 
of gogia, especially political cogia (199-221). 


87 éxxv\LcOnon: Since augiBAnorpa (81) is near, 
Dawson (238) is probably right in taking the 
verb in the sense escape from a net, though Homer 
uses it (J/iad 17.688) of escape from the waves 
of calamity (cf. réX\ayos, 746). 


rexyns: bonds (Schol.). It is ironical that Pro- 
metheus, who taught men various réxva (110, 
254, 477, 497) including the working of metal, 
should be confined by just this réxvn. The 
dialogue ends with one of the key notions of the 
play: n. 7. 


88-127 Soliloquy of Prometheus, who says to 
nature what he would not say to his fellow-gods, 
thus emphasizing his isolation and solitude: 
Groeneboom. )(Hephaestus’ expectation at 33 f. 
The powers of nature referred to here are de- 
veloped from Jliad 3.276-278 (Thomson) ; they 
are not the four elements, which were not yet 
known as such, )(S. M. Adams in CPh 28: 97 ff., 
1933. 


88 aifjp: Prometheus’ first and last words 
(1092 f.) are invocations to aether to witness 
his suffering, but his attitude to the suffering 
changes: cf. n. 92. Aether is the scene of Pro- 
metheus’ punishment: 125, 158, 280, 394, 1044, 
1088. 


raxirrepx: To carry his plaints far and wide: 
Groeneboom. The breezes foreshadow the com- 


ing of the Chorus (135), Ocean's steed (286) and 
the eagle. 
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avoai: breezes )(the blast of Io’s madness at 884 
and the hurricane of 1046f., 1085 f. In 88-92 
nature is smiling and friendly, for Prometheus’ 
sufferings have scarcely begun. 


89 worayav . . . rnyai: recur in 434, mourning 
for one of Prometheus’ brothers. Water as 
man’s helper: cf. relation of the Chorus to 
Prometheus. 


89 f. wovriwy . . . kusatwr avnpOyov yéA\acua: 
cf. 746 and various cruel révra in 726, 792, 1048, 
1088. At 431 the sea sympathizes. Water that 
cannot be trusted: cf. relation of Ocean to 
Prometheus. 


90 wapunrop . . . yn: Prometheus was one of 
her children (209 f.). 


91 xavérrny: Sun invoked as a witness, cf. 92 f. 
Prometheus’ public disgrace began in 69. He is 
willing and eager to be stared at by friends. 
#Aiov: Prometheus welcomes the sun as a witness, 
whereas sympathetic Hephaestus thought of the 
sun (22) only as augmenting Prometheus’ pains. 
Prometheus’ concern with his situation is usually 
more mental than physical. 

92 ideobe: cf. 91 and n. 69. 


ola: ) (éduxa, 1093. By the end of the play, and 
even as early as 976, Prometheus has come to 
regard his punishment as unjust; in 92 f. he re- 
gards it as cruel and excessive. 


. beds: n. 29. 
93 dépxOnd’: cf. 91 f. 


oias aixeiarow: make ola of 92 more explicit. 


Oeay . . 


aixeia is a technical term in Attic law for assault 
and battery : cf. 97, 472, 525, 1042; 177; 168, 195, 
227, 256; 989. H.G. Robertson in CPh 34: 215, 
1939. Used once (599) by Io of herself. Pro- 
metheus regards himself as the victim of cruel 
and unusual punishment. 


04 d:axvardyevos and pvp- are used by the 
Chorus in 541, as if they did the actual witnessing 
that Prometheus asks of nature. 


pupiern: pupt- always (512, 541) of Prometheus’ 
boundless suffering. All three uses come before 
774, where a term is set of 13 generations. vupi- 
is the converse of répua (n. 100). 


94f. uwupern xpovov: In the Pyrbhoros Pro- 
metheus’ period of confinement was said to have 
been 30,000 years (Schol.) ; but 30,000 was prac- 
tically equivalent to infinity (Pohlenz, 2: 22). 
Cf. n. 774. 
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95 aPdebow: 40ov of Prometheus 257, 262, 752, 
934; of lo 634, 702; 752 brings both together— 
one of the many parallels between the two (n. 1). 
Io’s dpdyo (591, 838, cf. 883) elaborate the ath- 
letic metaphor. 


veos: n. 35. 


96 rayds: A reference to Oriental absolutism 
(cf. Persae 324, etc.) or to Thessaly (Nestle, 
29, n. 1). 


paxapwrv: )(a0\ebow sup. The gods are blessed; 
Prometheus suffers. 976 expresses Prometheus’ 
developed attitude to this situation. 168 f. con- 
tain a similar collocation: blessed Zeus, para- 
doxically, will one day need the poor sufferer. 


éénup’: n. 59. 
97 aexn: n. 93. 


98-100 Fit words for Io: cf. 565, 586, 604 ff. 
A passing mood of discouragement, for Prome- 
theus knows the future as lo does not. 


99 crevaxw: n. 66. 


100 répyara: cf. 184, 257 ff., 262, 755; 622, 706, 
823, 828, 1026. Both Prometheus and Io will 
reach an end of their sufferings despite Zeus’ 
present intentions. 


émretAa: cf. 25, which Prometheus heard. The 
pox8x that he has in mind are those occasioned 
by the alternation of day and night. 


101 mpovierioraya: cf. 209-211, 873f. Pro- 
metheus’ retort to 85 ff. Prometheus not only 
has foreknowledge, but can impart it to lo (699). 
He knows all his future sufferings, but does not 
yet say anything about what is in the future for 
Zeus. The whole first part of this speech (88— 
113) turns on suffering: who will witness it, its 
violence and duration, who caused it and why. 


102 oxeOpas : 488 and n. 328. 


103 f. rerpwyévny . . . alcavy: Everyone must 
bear his fate, even Zeus (518 f.). Prometheus is 
fated to be loosed (512) and Io, to find rest in 
Egypt (815). Tyrant and victims are alike con- 
trolled by rerpwyévn, cf. avaynn (n. 16). 


105 avayxns: n. 16. 


odevos: n. 55. The true oévos belongs to avay«n, 
not to strong men, at whom 4dénpirov looks. 
Atlas, Typho, and Prometheus were all over- 
thrown by Zeus, just as Zeus overthrew Cronus; 
and Zeus himself is exposed to the same danger: 
515-519, 920 f. 
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106 f. Same form of expression in 197 f., 238. 


ovyav: Prometheus is silent during 1-87 and 397- 
435, as well as for a time after 435 (cf. 436-438) 
Aeschylean silences: Groeneboom on 88-90. 


roxas: Many times of Prometheus; once (633) of 
lo; once of the Chorus (1073) when they resolve 
to share Prometheus’ fate; once (769) even of 
Zeus. 


107 f. Ovnrois . . . yépa wopwv: cf. 82f. Pro- 
metheus is well aware, as Cratos and Hephaestus 
were, that the theft of fire was but one part, 
though a conspicuous one, of his sin. 


108 ropwv: Not xd\érrwv or ovdav: cf. 612. 
Prometheus regards the taking of fire as a gift 
and a benefaction to men, while the gods regard 
it asa theft. Prometheus gives also to Io (615) 
and to the Chorus (631). Prometheus’ thoughts 
are of men; the gods’ thoughts, of themselves 
and their prerogatives. 


avayxas taiod’: chains, n. 16. Taken in conjunc- 
tion with 105, this phrase indicates that Pro- 
metheus thinks his lot hopeless. In this so- 
liloquy his feelings of helplessness, isolation and 
timidity (124-127) are at their maximum; as the 
play progresses he grows more self-assured. The 
implications of avayx«n, like those of the com- 
pounds of éve- in the dialogue (n. 19) are am- 
biguous: Zeus, free though he seems (50), is 
bound by avayxn, and Prometheus will one day 
be free. 


évetevyuar: The image of the yoke (usual for 
avayxn: Thomson on 106-111) resumes the ani- 
mal imagery of the dialogue (n. 81). Cf. Mielke, 
21. Again of Prometheus at 1009. At 578 Zeus 
yokes Ilo. The yoking of Prometheus is part of 
the ironical appropriateness of his punishment 
(n. 18), for he taught men the domestication of 
animals (462 f.). 


109 @npayua:: Prometheus’ quarry was fire. 
The metaphor recurs at 1072, where the Chorus 
are warned that they may become the quarry of 
doom. In 858 the Danaids are the quarry of 
their cousins. By implication (@np@ua could be 
passive), Prometheus and especially Io are the 
quarry of Zeus. 


109 f. rupds rnynv: Cf. 89. 


110 xAoraiay:) (108. Prometheus now recog- 
nizes the gods’ viewpoint (cf. n. 8). 


ddaoxaXdos réxvns : interpret ravyréxvou (n. 7). Pro- 
metheus as teacher answers the sneers of 9, 62, 
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and 86f. réxvn and mépes (111) reappear to- 
gether in 477, for Prometheus’ account of his 
benefactions to men only serves to show how he 
himself was d:dacxados réxvns raons Bporois. 


111 Bporois: like @ynrois (107) is in opposition 
to Oeoi (n. 8). 


112 wowds . . . rivw: As early as 176 Prome- 
theus feels sufficiently self-assured to turn this 
phrase against Zeus. Verse 620, spoken by Io, 


echoes 112, while 985 is an ironic variation. 


aumrAaxnuatwy: Also of Prometheus in 386 and 
620. At the start of the play Prometheus is free 
to admit some guilt: cf. n. 9 and 266. 


113 iraifpos: carries us back to 88. 
move circularly as do 7-83. 


88-113 


mwemaccahevpevos : 56, 65. 


115 ax: In the play 7x@ expresses four fear- 
some sounds: the sound of the approaching 
Chorus, which frightens Prometheus; the sound 
of Prometheus’ chaining (133), which reached 
the Sea Nymphs’ cave and moved them to lay 
aside maidenly modesty to come and investigate ; 
the sound of the gadfly (575) that tortures and 
terrifies lo; and the sound of thunder (1082), 
heralding Zeus’ final onslaught upon Prometheus 
and the Chorus, who have now resolved to share 
his fate. 


d5ua: A scent of perfume (Schol.), so faint as to 
be unidentifiable. A helpless person clutches at 
every possible source of knowledge. Cf. Hom. 
h. Dem. 277, Eur. Hipp. 1391. 


mpocérra: cf. n. 88 (raxirrepx). The audience 
(and Prometheus?) think of the eagle; similarly, 
the gadfly flew to lo. Cf. 555, 644. 


ageyyns : The sound and the odor tell him nothing. 


116 Logical analysis, cf. 765. For similar sets 
see van Otterloo, 72 f. and Kemmer, Die polare 
Ausdrucksweise. This type of classification is no 
mere trick of style or ornament, for the whole 
play concerns the opposing realms of gods and 
men (n. 8) and Prometheus, who has a foot in 
both camps. On Prometheus as a symbol of man 
see D. Grene in CPh 35: 32-34, 1940, and Rein- 
hardt, 48f. Thomson remarks that Heracles 
too is both god and man. 


Gedavros : Of god-sent evils—the gadfly (596), and 
a storm of woe that falls upon lo (643). 
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117 repyormov: At the world’s end, isolation (ef. 
1f.). Ironical reference to répya (n. 100)? 


mayov: n. 20. Was this word chosen to denote 
Prometheus’ place of confinement because of its 
etymology ? 


118 @ewpds: Prometheus’ first guess, cf. nn. 69 
and 91. The word implies a person, and rpogérra 
is not inconsistent with the implication, for of 
Prometheus’ visitors only lo approaches on the 
ground. 


119 dpare: carries on the assumption of @ewpés. 
decuwrny : Source of the title (Schol.). 


diororpuor Gedy: A paradox, for paxapes oi Ge0i, cf. nn. 
96 and 198. 


120 Ads éx@pov: Prometheus heard 67. 
120 f. renew 37. 


122 aidAjv: The gods resort to Zeus’ a’An as to 
a tyrant’s court, cf. Odyssey 4.74 (Thomson) and 
Méautis, 79, n. 1, who remarks that Ocean is a 
type of the old and experienced courtier. 


123 Xiay: n. 72. 
guddornra Bporav: cf. 11, 28. 


124 xwafoua: fluttering) (the rigidly motion- 
less Prometheus. So xivvyya in 157. 


125 wéd\as: To a man with many powerful 
enemies any approach is potentially dangerous; 
Prometheus’ isolation contains an element of 
safety. zme\atw of menacing nearness: 153, 712, 
807, 897. 


olwvav: could refer to any winged creature, in- 
cluding the eagle. 


aifjp: The scene of Prometheus’ punishment, 
both when he is first confined (88, 113, 158, 280, 
394) and at Zeus’ final onslaught (1044, 1048, 
1092). 88-92 and 1091 f. form a pair, framing 
the entire role of Prometheus, the god suspended 
in the limpid air. Prometheus both hates to be 
stared at by the curious who, like Solon, come 
kata Oewpins mpdgacw, and enjoys having wit- 
nesses to the injustice of his punishment. 

édkagpais )(Prometheus’ immobility and _ the 
tyrant’s ponderousness (n. 17). So 263 and 279. 


126 jrrais: With these é\agpai pirai)( the pery 
of all nature in 1089. 


broovpifa: In 574 f. the buzzing of Io’s gadfly is 
ironically compared to the notes of a cipryt 
(dovaé). Other menacing sounds: n. 115. Toa 
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helpless person every sound, even odor (115), no 
matter how harmless seemingly, is terrifying. 


127 Prometheus timid: n. 41. 


PARODOS AND KOMMOS: 128-192 


128 yndév goSnbys : The Chorus show their sym- 
pathetic nature at the very outset by reassuring 
Prometheus, whose words (127) they heard. 


130 wayorv: n. 20. 

130 ff. Cf. Nausicaa. 

132 xparrvogdpa : cf. xparrvoovros of their winged 
car (279). 

133 xrixov: Symbolic of Zeus’ power, which is 
not all-supreme (916 and 923). 
axa: n. 115. 
xaAvBos: cf. 715. 


Most of the 


items in lo’s 


itinerary have connections elsewhere in the play. 


dupter: Why aicow? Perhaps because the maidens 
themselves are impetuous : Boais (129), xpamvogdpa 
(132), 135, mpoopte (145). 


aévrpwv pvxdv: Inhabited by Ocean and his 
daughters; in 453 of primitive man. Prome- 
theus brought man up into the sunlight; the 
sound of Prometheus’ chaining brought the 
Chorus and Ocean forth from their cave. 


134 & . . . érdnte: The laying aside of their 
maidenly modesty was for them an upheaval com- 
parable to what befell Typho (360). 
carries on xriros. 


eTAnoTTw 


Oeyep@aw aid®: cf. Nausicaa. Harry notes that 
the eye is the seat of aidws: cf. nn. 141 ff. 

135 amédidos: Denotes haste (Schol.) and emo- 
tion (Thomson in CQ 29: 38, 1935). Surely the 
Chorus did not leave off their sandals because 
they had to dance on slippery rocks (Severyns). 


139 dxounrw: So Prometheus (32) and Io. 

140 d€pxOnr’, éevideod’: cf. 92f. and n. 125. 
Prometheus is eager for friends to look and 
witness. 

141 oiw deoue: cf. 92 f. 
mpooroprarés: n. 61. 

142 yapayyos: n. 15. 


&xpos: Also in connection with Typho’s punish- 
ment (366). Prometheus was extreme (n. 72, 
especially repiccdgpwy 328), and his place of 
punishment is extreme (n. 18). 
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143 ypovpay &fndov: cf. 31. 


144 Xeboow: The Chorus perform the witness- 
ing that mute nature could not do so well (88-95). 


goBepa: becomes the Chorus better than Pro- 

metheus (127 and n. 41). 

bcos: The seat of sympathy (cf. 145 ff.) and 

maidenly modesty (n. 134) as well as of hostility 

(53 f.) and idle or malicious curiosity (69, 118). 
145 xpoonte: n. 133. 


146 eicvdoicn: €(i)copaw 13 times in the play, of 
which six at Prometheus, two at lo. Cf. 152 ff. 


147 mrpocavawoyevor: recalls 22. It is day. 


148 dédayarrodéroc:: n. 6. 
compound, cf. 580. 


For the type of 
Adpas: The Chorus, being sympathetic, term the 
fetters “outrageous maltreatment.”’ Previously 
the metaphors for chains were all drawn from the 
sphere of animals (n. 81), except for avayxais (n. 
108) and réxvns (n. 87). Adyn is not far from 
Prometheus’ own judgment on his bonds (n. 93). 


149 


: veou: n. 35. 


olaxovouo : cf. 515, where it turns out that the true 
pilot is not Zeus. 


xparovo’: characterizes the violent reign of Zeus, 
won by violent methods, against violent ad- 
versaries (429), maintained by violent means 
(167 and Cratos), and destined to be overthrown 
violently : 35, 149, 150, 213, 324, 403, 519, 527, 
937, 939, 948, and 955. 


150 veoxyois . . . vouos: cf. Zeus’ private, per- 
sonal vowo at 187 f. and 403. 


xparive : cf. 403 and n. 149. 


149-151 Zeus came to power by overturning 
the established order, a crime that he now 
punishes in Prometheus. Zeus too was once a 


god against the gods (n. 29), and Prometheus 
helped him. 
151 ra piv... rekwpa: The 


Titans, cf. 
peyadooxnpyova at 408. 


dioroi: Means primarily ‘‘destroys,’’ makes to 
disappear by plunging in Hades, the unseen 
realm: cf. 232, 668. Admirable discussion of the 
word in this sense by Bacon in CR 42: 116, 1928. 
aior6w may also carry a secondary meaning, 
“make (appear as) nothing,” “eclipse”: “with 
novel laws Zeus establishes his despotic sway and 
makes the old abominations seem as nothing (in 
comparison with his new ones),” cf. 315 f. 
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152 “Avdov: Prometheus picks up the Chorus’ 
final word to express the wish that Zeus had 
relegated him to the unseen regions: cf. his dis- 
like of being stared at in 69, 91, 118 f. 


153 vexpodéypuovos : Prometheus, being immortal, 
would not be vexpés )(Io’s wishes in 582 ff., 747 ff. 


amépavrov: Again in 1078, when the Chorus re- 
solve to share Prometheus’ fate. 


153 f. Cf. 582. lo is mortal, and longs for 
death as a release; Prometheus is immortal and 
wishes for release merely from the malice of his 
enemies. He suffers more in mind than in body 
(Méautis, 87, and n. 143 sup.). Prometheus’ 
wish is repeated in stronger terms (e.g., pipe 
1051—}xev 154) at 1050-1053, and is fulfilled. 


154 adiras: Prometheus would accept an 
eternity of private punishment in preference to 
aeons (évodiras 19) of public ridicule. The 
alternative interpretation of aAtras (viz., that 
Prometheus bluntly says what kindly Hephaes- 
tus avoided) is probably not valid, for at 175 ff. 
Prometheus speaks of the possibility of release. 


155 aypiws: As befits a tyrant. Gypuos is used 
of Prometheus’ chains (175) and of the winds 
that Zeus lets loose against Prometheus (1046). 
But a@ypirns is characteristic also of Zeus’ op- 
ponent, the Titan Typho (368). Tyrants rise to 
power through a savage struggle with savage 
opponents. 


mwedaoas: n. 125. 


156 ris aos: Schol. remark that he avoids 
saying &v$pwros. It is, in fact, inconceivable to 
him that any one of mortals, whom he benefited, 
should rejoice at his sufferings. Io, the only 
mortal who visits him, is completely sympa- 
thetic. Perhaps Aeschylus, in writing ris Ados 
was thinking of Hermes, whom Prometheus 
treats, not as a god, but as a mere servant. 


tyeynba: Prometheus fears émixa:pexaxia. At 
760, if Murray’s emendation of pafeiy to yabeiv is 
correct, Prometheus turns the tables on Zeus. 
157 aifepiov: n. 125. 
xwvyp’: Bitter irony, cf. n. 124. 
158 éwixapra: cf. émcxapexaxia, and 31. 


rérov0a: racxw 13 times, including the last word 
of the play, always with reference to Prometheus 
or Io. In a tyranny the tyrant alone is a free 


agent (50): he is active (939 f.), all others are 
passive. 
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159 rAnowxapdios: cf. 242 and Hephaestus’ lack 
of réAua in 16 )( @pacos of various characters, n. 
42. The Chorus refer to other gods, but it is 
Prometheus who is preeminently rAnowdapdios, 
just as at 242 the modifiers really describe 
Prometheus. 


160 émxapn: cf. 158. 


161 f. Prometheus feels that all the gods are 
his enemies, as he has ample reason to do from 
the Prologue (e.g., 37), but the Chorus suggest 
that Zeus alone hates him. 


162 émixérws: The wrath of Hera falls upon Io 
at 601. 


163 a&yvaurrov: Prometheus (cf. Maddalena, 
p. 138) is equally inflexible (e.g., 995, 1001-— 
1006). Prometheus’ mental and physical states 
correspond (n. 18): the rigidity of his physical 
position is both the representation and the 
punishment of his rigid opposition to Zeus—cf. 
xaurrev in 32 and 396, 237, 306, 513. Inflexi- 
bility is one of the leading themes of the play, 
and it is the inflexibility not merely of the new 
gods, as del Grande supposes (Hybris, p. 453). 
See Index, s.v. &yvaurros, adauarrivos, adayavroderos, 
GdnpeTos, dei, yuvarxouipos and Onddvous, kpaivw, An’yw, 
bw, Awyaw, paraxoyrvapwv, padOaxifw, pwaOacow, 
pueappotw, mérpa, oreppds, Teyyw, xardaftw and 
xahaw, tpaxis, and rpaxirns. Prometheus is as 
inflexible as Cratos and Zeus. 


164 dauvara: Zeus dominates the gods as Hera 
does Io (601). See n. 6 on the implications of 
dau-. If Zeus ceases to exercise domination his 
tyranny will cease to be a tyranny and will be- 
come some other form of government. 


165 oidé Ante: with dei (162) expresses Zeus’ 
inflexibility, cf. aie in 26. 


165 f. Logical analysis, asat116. The Chorus 
can conceive but two reasons why Zeus would 
ever relent: he might become sated with his own 
cruelty, or he might be violently overthrown. It 
remains for Prometheus to suggest a third possi- 
bility in his reply (175-177). 
xéap: Seven times in the play, of which four refer 
to Zeus: wrath (here and 390) ; inflexibility (here 


and 185); love (590), which proves cruel and 
destructive to Io. 


166 xaddayue: foreshadows the radkaorns of 920. 
bvcadwrov: Not avad\wrov, for the Chorus (Mad- 
dalena, p. 140) know of the fates of Uranus and 
Cronus. 
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apxav: Always of Zeus in the play—231, 757. 


167-169 Prometheus begins the gradual reve- 
lation of the hold that he has over Zeus: 188, 
515-525, 755 f., 908 ff. (Groeneboom) 


168 f. aixifouévov . . . waxapwv mpi’ravus: n. 96. 
But Prometheus’ mood is changing (zum Felde, 
p. 24): he is growing more confident in the kindly 
presence of the Chorus. 


aixtfouévov: n. 93. 


170 dita: Because of his foreknowledge Pro- 
metheus acts as a revealer to Zeus (here and 914), 
to Io (607, 623), and to man (458, 482). 


veov: n. 35. Zeus, who overthrew Cronus by a 
revolution, will be exposed to vewrepiouds himself, 
through his own folly (762)—iea xpos ica. 


Bovr\evn’: The decision of Zeus to unite with 
Thetis (Schol.). Zeus plots (619), but will be 
overthrown by his own plots (762). Zeus will 
need Prometheus in the future (914) as he needed 
him in the past (219-222). 


171 Cf.761. Verses 757-774 are an expansion 
and clarification of 167-177. 
oxnrrpov: The symbol of royal power, as in 761. 
tiyuas: n. 30. 


amrocvAara : Prometheus has already filched (83) 
a number of the gods’ riwai, and Zeus is destined 
to lose his sceptre, which implies that he will 
cease to be a monarch. 


172-175 Zeus can neither cozen (Thomson, 9, 
sub fin.) nor terrify Prometheus into revealing 
the véov BotrAevpa: cf. 959-963, 987-997. 


172 yedvyAwoous: Ocean is the only character 
in the play who uses flattery, though he denies 
(293 f.) that he is doing so; all the rest are re- 
markably plain-spoken—see Index, s.v. alwyya, 
alvixrnpiws, amdovs, a&onuos, 
dvoxpirws, and cf. 78. 


dvoebperos, dicxpiros, 


redovs: The opposite of mee is Bia (Schol.). 
pediyAwooos wee is characteristic of democracy, 
not tyranny : the persuasion of tyrants (669) is a 
mockery, for a tyrant can scarcely be persuaded 


(333). The persuasions of Hermes are threats 
(1014, 1064). 


173 6é\ta: Flattery cannot cast a spell, but 
true love can (865). Hypermestra is thus a 
lesson to Zeus. 


orepeas: The threats of Zeus are like the power of 
avayxn (1052); and, by implication, like the rock 
and like Prometheus himself (n. 163). 
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174 mrrntas: Cf. 29, 960, and the mood of 1002-— 
1006. 


175 xaraunvicow: Prometheus as revealer, n. 
170. 


175-177 Prometheus’ answer to the Chorus 
(166 f.) ends with the same type of clause, but 
he adds a third and strikingly different possi- 
bility to the two proposed by them: Zeus may 
one day voluntarily relinquish tyranny and 
choose the right. 


aypiwy: n. 155. 


176 xadaon: In 58 Cratos believed that Pro- 
metheus was being bound for eternity. 


mowas ... riwev: n. 112. 


177 aixeias: n. 93. 


#ednon: A striking word, looking to Zeus’ reform. 
Zeus must not only atone for the wrong done 
Prometheus, but he must do it willingly : so 190— 
192. The friendship of Zeus and Prometheus 
could be restored to its previous basis (cf. 218). 
This solution to the struggle between the two 
(viz., a voluntary rapprochement from both 
sides) is lost to view after the beginning of the 
play as Prometheus’ indignation mounts and he 
grows increasingly intractable. How difficult 
such a voluntary change would be for Zeus is 
illustrated by 1067. 


178 @pacis: The Chorus are astonished at Pro- 
metheus’ suggestion: cf. n. 42. Hypermestra 
(861) illustrates what can come of voluntarily 
(BovAnoera: 867, cf. HeAnon 177) renouncing Opacos, 
even when it is justified. 
mxpais: Zeus has been vindictive to both Pro- 
metheus (195) and lo (739), and Prometheus 
reacts in the same spirit (944). The Chorus 
condemn Zeus’ harshness, but question neither 
his right nor his power to act as he will. 


179 dvaow: Of Prometheus 513, 525; of lo 746. 
At 513 and 525 escape is in sight. 


émxadas: cf. 176. Prometheus is as unyielding 
as his bonds and as Cratos (58). 


180 a@yav: n. 72. The Chorus characterize 
Prometheus also in 260 ff., 543 ff., 1036 ff., al- 
ways in a gentle and kindly spirit, but firmly. 


eXevbepooroueis: The gloss given in the Schol. 
(wappno.afea) clearly brings out the implications 
of the word : Prometheus is living under a tyranny 
(50), but acts as if he were in a democracy (n. 
172). Ocean calls Prometheus tWryopos (318), 
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and Typho was too (360). Prometheus is now 
bound hand and foot, but his tongue is still free. 
Cf. Ocean’s warning, 327-329. 

181 peice: Used metaphorically of the aether 
in 1045. 


d:aropos: In 76 the chains cut into Prometheus, 
and the wedge pierces him literally. This word 
indicates the Chorus’ intense sympathy for Pro- 
metheus’ physical sufferings. 


182 déica: cf. 144,902, and n.41. The Chorus 
are timorous maidens, and their sudden burst of 
courage (1063-1070) is surprising. 

184 répua: n. 100. 


xé\cavt’: n. 15. The end of Prometheus’ suffer- 
ings is conceived as a haven where he will find 
rest from the storm of Zeus’ wrath, which afflicts 
lo also (746). 


tovdetv: not éoedeiv. The mere sight of a safe 
harbor brings greater joy to the mariner than the 
actual arrival. 

axixnra: Zeus’ ways are past finding out because 
he is completely free (50) and irresponsible (324), 
using only his own private laws (150, 186 f.). 


185 xéap: n. 166. 


amapauvbor : )( dverapairnra in 34. Similar change 
in dvoAbras 19 and adbros 155: Hephaestus was 
kindly, while the Chorus are discouraged and 
fearful. Zeus, in the Chorus’ opinion, is ada- 
mantine; and because he is adamantine they re- 
gard Prometheus’ suggestion (175-177) as utterly 
impossible of fulfilment. 


186 015’: Also of Prometheus at 328, 504, 607, 
915, 1040. Prometheus is proud of his knowl- 
edge: nn. 10 and 62. He needs no instruction 
from the Chorus. 


tpaxvs: n. 35. 


186 f. rap’ éavt@ 7d dixaov txwv: cf. 403. Law 
and justice are in the keeping of the tyrant, not 
available to all as in a democracy. 


187 div: Here lurks Prometheus’ émxacpexaxia 
(Harry): cf. 156-161. 


188 padraxoyrwpwy) (the typical hardness of the 
tyrant, n. 79. Hermes denies (952) any softness 
in Zeus, but Prometheus vows (1003) that he too 
will never become @nAivous. Prometheus and 
Zeus are equally hard and inflexible: nn. 35, 42, 
64, 80, 163. The only possible reconciliation 
would require concessions on both sides (191 f.), 
a possibility mentioned by Prometheus at 175-— 
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177 )(166f. Kitto in JHS 54: 19, 1934, Peretti 
in Antike 20: 23 ff., 1944, and in Maza 4: 14 ff., 
1951, and others consider this the only possible 
solution of the conflict. 


189 jaoby: n. 56. Prometheus conceives the 


softening of Zeus as a voluntary change of policy 
following a violent attack upon Zeus’ sovereignty. 


190 arépauvov: Zeus’ merciless wrath is mani- 
fested in thunder (1062). 


aropécas: )(xopéon 166. The Chorus believe that 
Zeus’ wrath will cease only when Zeus is satisfied 
)(189. Prometheus and Io are both storm- 
tossed by Zeus’ anger (n. 15 and 183); Prome- 
theus suggests that Zeus might calm the storm 
(conciliation). 

épynv: n. 80. 


191 apOudv: )(the apOuds in which Prometheus 
finds himself (60). geddrnra: )(orépyew in 11. 
True reconciliation and friendship )(the violent 
subjugation of one who remains at heart an 
enemy. If Zeus should enter into giAdrns with 
Prometheus it would show that the reconciliation 
was completely genuine, for Zeus’ hatred of Pro- 
metheus arose because of another sort of giddrns 
(123). Cf. n. 546. 


192 oreviwvy orevdovr.: The converse of the 
anadiplosis of eds (n. 29). Prometheus and Zeus 
would stand side by side as they did in the past 
(218), in a free and unconstrained (cf. Hedgnon 
177) relationship, the converse of that referred 
to at 19 (Groeneboom). 


FIRST EPISODE: 193-396 


193 é&xadvWov: Prometheus is the revealer—10, 
59, 62, 86 f., 101-103, 110, 170, 175, and édacKw 
in 196, 382, 634. 


yeywr": yeywr- occurs eight times in the play, 
seven with reference to Prometheus, thus empha- 
sizing his function as a revealer: cf. 523, 627, 657 
(of lo), 784, 787, 820, 990. 


194 airiayarr: charge, accusation. Cf. 226, 
255. This word, together with ariyws and 
aixifera: in the next verse, carries us into the 
realm of Attic law. 


195 driuws: suggests driwia—Prometheus is 
deprived of his rights and status asa god. Once 
again the punishment suits the crime (n. 18): 
Prometheus loses his own tiwai because he stole 
the gods’ for men. In 919 Prometheus turns the 
word against Zeus: ica rpés ica. 
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mxpas: n. 178. 


aixifera: n. 93. 
196 didatov: cf. éxxadvpor (193). 


BX\arrn: The Chorus, though inquisitive as will 
appear further below (631 ff.), are considerate. 
The damage to Prometheus could be internal or 
external (cf. Ocean’s warning at 311-314). 
Prometheus takes it in the former sense—another 
proof that his mental sufferings are more impor- 
tant than his physical. Cf. 763. Zeus is of- 
fended, in fact, not that Prometheus speaks, but 
that he does not reveal more (947-950). 


197 f. Cf. 106 f. and 238. 
198 dvcrorua: n. 119. 


199—225 Before answering the Chorus’ ques- 
tion (194) Prometheus digresses on the ingrati- 
tude of Zeus, thus tending to create a prejudice 
against Zeus at the very outset and to palliate 
Prometheus’ offence; but the latter objective is 
not a very real one—at least it is attained in the 
eyes neither of the Chorus (259-261) nor of 
Prometheus (266). 


199 daipoves: The gods and the Titans. 


xo\ov: Wrath is a source of oraois, and a charac- 
teristic of all the Titans (n. 80), not of Zeus 
merely (n. 162). 


200 craos: The political life of the gods 
parallels that of men: Zeus is a tyrant who rose 
to power as a result of party strife: cf. Nestle, 28. 
oraos Occurs in nature too: 1087. 


201 é&Sadreiv: Another political term, which 
Prometheus turns against Zeus in 910. Cf. its 
virtual passive, éxrimrw (écriryw), in the Index. 


éépas: = Opovov. Cf. 389. Throughout the play 
Prometheus has the notion that Zeus will fall as 
he made Cronus fall, and that Zeus will be 
punished as he is punishing Prometheus. 


202 avacon: The nature of Zeus’ regime is 
made clear at 584, where his suffering victim, lo, 
calls upon him by the title dvaé to let her die. 


202 f: roturadtw orebvdovres: The converse of 
orebdiwy orebdovre in 192. The reconciliation of 
Zeus and Prometheus would be the complete 
negation of oracs. 


203 aptaev: cf. n. 167. Gpxw is used in two 
other passages of Zeus’ reign (927, 940), both 
times with a view to its termination. dapx7 is 
used only of Zeus. 
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204 ra Agora . . . mieiv: As in a democracy, 
n. 172. At 307 f. Prometheus himself receives 
advice from Ocean; and at the end of the play, 
as Thomson remarks, Prometheus turns a deaf 
ear to good advice. 

206 aividras . . . unxavas: 
Prometheus, n. 59. 


Characteristic of 


207 ariuacavres: cf. aripws, 195. Since Pro- 
metheus prides himself on his mental powers, 
especially as displayed in the functions of prophet 
and teacher, it was a grievous insult to him that 
the Titans scorned his advice. While the Chorus 
term his present punishment a7ipia, Prometheus 
applies the word to the Titans’ scorn. 


Kaprepois: )(aiviAas. The contest between in- 
telligence (craft) and power is exemplified in the 
struggle between Zeus and Prometheus. The 
two should not and cannot be completely di- 
vorced from one another: i.e., Zeus does not 
represent mere power; nor Prometheus, undi- 
luted intelligence. Zeus came to power only 
with the help of Prometheus’ intelligence (219- 
221); and Prometheus can hope for release only 
if Zeus some day learns or is taught to temper his 
violence with intelligence (190-192). If Pro- 
metheus and Zeus should be reconciled, Pro- 
metheus would still be intelligent but no longer 
powerless, while Zeus would still be powerful, 
but also wiser. 

The Titans were violent in thought, but also 
in action (212f.). Zeus overcame them by 
guile (219) ; but, like them, he now puts his trust 
in brute strength, symbolized by the thunderbolt 
(xaprepdv xriwov, 923), the power of which Pro- 
metheus believes may one day be surpassed. 
Intelligence surpasses power. That is Prome- 
theus’ belief, and he illustrates it by the story of 
the Titans’ fall. At this point of the play Pro- 
metheus, being concerned to prove Zeus’ ingrati- 
tude, does not suggest that Zeus may become the 
victim of violence like the Titans. This sugges- 
tion is reserved till later, when Prometheus has 
witnessed the shocking Zeus’ power 
against lo. 

Cratos and Bia embody Zeus’ trust in his 
power, a trust once felt by the Titans (xaprepois 

. mpos Biav, 207 f.). 


208 auoxfi: Yet the Titans suffer yox6o0— 
Atlas’ and Typho’s are described 347-372, 425- 
430; Prometheus’ are alluded to at 99, 244, 314, 
541, 756, 1026. 


use of 


mpos Biav: n. 74. 
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deorocav: Zeus is fated to be mastered 
according to Prometheus. 


(930), 


211 xpavoiro: The verb recurs twice, with in- 
creasingly clear reference to the fall of Zeus: 512 
refers to the decrees of Moira, whose power is 
above Zeus’; 911 suggests that Cronus’ curse 
upon Zeus will be fulfilled. Here Prometheus 
does not speak of Zeus’ fall (cf. n. 207), though 
he may have begun to think of it. 


mpourdeorixa : cf. 101 f. Prometheus’ prophetic 
powers came to him from Themis. 

212 f. xar’ioxiv . . . mpds TO Kaprepdy . . . dddAW: 
renew the points of 206—208 in reverse order. 


213 xparetv: The aim of oraos. At the be- 
ginning of the play Zeus has the power (35, 149, 
324), having outwitted the Titans with Prome- 
theus’ aid. Verse 519 is the turning point: Zeus 
will lose his power (937, 939, 948). Cf. a similar 
progression in the use of zarnp, n. 4. 


214 ényounévov: 446, 702. The only instance 
in the play of Prometheus’ teaching proving un- 
successful )(his dealings with primitive man, 
Ocean, lo, and the Chorus. He does not try to 
teach Hermes. 

215 ntiwoay: n. 240. 


ovde rpooB\eva: Prometheus was offended that 
the Titans would not so much as glance at his 
advice. Ignoring can be as offensive as staring: 
nn. 69, 91, 118, 141, 143, 144. 

218 éxové’ éxovre: n. 192. Converse of anadi- 
plosis of 6e6s: the gods should cooperate. 


ovpTapactrareiv: join the party (eracs) of Zeus. 
Cf. ovyxaracrncavra, 305. 


219 Bovrais: Themis was 6p6d8ovdos (18), but 
her son’s Bovdai led to disastrous consequences 
for himself and his brothers. Hermes is justified 
when he counsels Prometheus to cultivate eiBovAia 
(1035). 


219 f. Cronus is where Prometheus wished, in 
a moment of weakness, that he might be (152 f.). 
Cf. 1029, 1051. 


221 cvppaxoror: of Kpdvw cvuprapacrarovrtes (cf. 
218). 


222 ripavvos: n. 10. At 957 of Uranus and 
Cronus; elsewhere of Zeus, see Index s.v. rupavvis, 
TUpavvos. 


ageknuévos: Prometheus was a helper par ex- 


cellence. dgednuévos generalizes oupmrapacrareiv 
(218). Prometheus helped Zeus, who is un- 
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grateful (223); and he helped man (251, 501, 
507, 613), who can do nothing for him (267, cf. 
547). Theme of lost labor: 44, 340-343. 


224f. Distrust is the disease of tyranny. 
Surely this play was not produced at the court 
of Hiero. Cf. lo’s maxim based on a disease 
metaphor (685 f.). 


225 voonua: The disease metaphors are col- 
lected by Thomson, p. 11, n. 2; first adequately 
discussed by Fowler (op. cit., n. 43 sup.). 


rerodéva: : Under a tyranny trust is as misplaced 
as persuasion is useless (n. 172). 


226 Prometheus ends his digression on the in- 
gratitude of Zeus and returns to the question 
asked by the Chorus in 193-196. 
airiaya (194). 


227 aixifera: 195. 


airia replaces 


cagnua: cag- nine times of Prometheus, once of 
lo (641, where she is inspired by Prometheus) ; 
cages at 664 of Apollo's oracle to Inachus. Pro- 
metheus is the oracle in this play and his pro- 
cedures, as we shall see, are Delphic. 


228 rarpwov és Opovov: An ominous seat (n. 
201). This whole clause, which could be used of 
peaceful succession among mortals, emphasizes 
the treachery involved when it is applied to 
immortals. 


229 véeve: cf. 6 ravra vépwr, 526. 


yépa: n. 38. These prerogatives were in the gift 
of Zeus, not of Prometheus. On 439, which is 
superficially inconsistent, see n. there. 


231 Bporav: )(daipoow, n. 8. Bporoi were one 
of the two parts of Zeus’ realm, but Zeus ignored 
them. Vandvik’s suggestion (34) is bizarre that 
Zeus wished merely to establish véor rp in men, 
not to destroy them. 


rakarwpwv: At 315 applied to Prometheus by 
Ocean, using a sympathetic approach to mask 
some unpalatable advice. lo twice (595, 623) 
uses the word of herself, but she is full of self- 
pity, while Prometheus also pities men (239). 


232 dorwecas: Zeus’ trusted technique, applied 
to the Titans (n. 151), especially Atlas and 
Typho, and used as a threat against the family 
of Inachus (668). The threat is turned against 
Zeus in 910: ica rpds toa. ) (Genesis 6: 7. Zeus 
was prompted by mere caprice, the desire to 
make a complete sweep. Thomson suggests a 
flood, but d:appaofevras (236) seems to indicate 
the thunderbolt. 


HERBERT 


S. LONG 


[PROC. AMER. PHIL. SOc. 


233 éxpnter: cf. 738, 984. Zeus’ purposes are 
self-seeking and heartless. 


veov: A new human race, new gods (n. 35), new 
vouo. (149): a new order. 


234 obdeis . . . rAnv Euov: Prometheus’ second 
unique action, though at 216 ff. he was prompted 
and joined by Themis. Here he stands alone 
against the new order because of his pity for 
men; and here begins the struggle 6eds vs. 
29). On wap: n. 913 f. 


235 éréduno’: Prometheus prides himself on 
his réAwa, as appears especially in his interview 
with Ocean: 299, 331, 381. )(Hephaestus at 14. 
Cf. n. 42 on Opacos. 


éteXvcaduny: Ocean abandons his attempt to save 
Prometheus (326, 339), but Prometheus will 
still be saved (781), though not by men (n. 222). 


236 dappaoervras: cf. nn. 232 and 189. Zeus 
might have attacked men as he has Prometheus. 


Geoi (n. 


“Avdou : renews diorwoas (232). Prometheus saved 
men from the fate that Atlas and Typho have 
already suffered and he himself will suffer (1018) : 
not confinement in Hades in the narrow sense, 
but relegation to an unseen region. 


237 xnyuovaior: Six times of Prometheus, twice 
of lo, once of Ocean, once in a maxim, the latter 
two passages being spoken by Prometheus, who 
has every reason to be more aware of rnyuovn than 
others are. 


xaurroua : Ironical, for Prometheus is bent neither 
in body nor in mind, n. 163. 

238 Cf. n. 106 f. 
ad\yevaiow : cf. 197. 
oixrpaiow: Of Atlas’ woes in 435. 
idetv: Chorus are looking at Prometheus with 
pity, not malice ) (152-157. 

239 oixrw: Distinguished Prometheus from 
Zeus, who is pitiless: cf. Maddalena, 139. Pity 


permeates 238-240: oixrpaiow, olxrw, rovrov (sc. 
olxrov), vnAeas. 


239-241 As at 221-223 Prometheus comments 
on Zeus’ failure to reciprocate )(175—177, 191 f. 
Todd (65) compares Creon’s attitude to Antigone. 


vndvews : Recalls Cratos (42), Zeus’ minion. 


nivoOnv: Cf. 215. Prometheus feels unappreci- 
ated both by the Titans and by Zeus. 


éppiOucopa.: Dumortier, Jmages, 59, compares 
Persae 747. The metaphor suggests the teacher 
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taught, as in 10 and 62. Is there a reference to 
the rhythmical blows of Hephaestus’ hammer? 
Schol. identify the metaphor as tuning of the 
lyre. 

dvoxdens Bea: Cf. Hesiod, Th. 530 ff. and Solmsen, 
148 f. Looking is not always an evil: the spec- 
tacle of Prometheus’ punishment will damage 
Zeus’ reputation. This thought may prompt 


Prometheus’ calling on the elements to witness: 
88-97, 1091-1093. 


242-244 Cf. 160-163. 


ovdnpogpwy and é& mérpas eipyaouevos: like rAno- 
xapios (n. 160), ostensibly characterize unsym- 
pathetic spectators of Prometheus’ sufferings, 
but in fact suit Prometheus (and Zeus). Pro- 
metheus, the revealer of iron to men (502), is the 
man of iron chained with steel fetters (the super- 
ficial meaning of déayayriwos); the man of rock, 
chained to a rock. Cf. n. 163 on inflexibility. 


ovvacxada: cf. 162. Prometheus receives from 
the Chorus the sympathy that he gave to man, 
but which they cannot give him in return because 
of his isolation (n. 2). 

eiovdeiv : cf. Bea (241), 141,146. If the Chorus had 
known the gravity of Prometheus’ yox60, they 
would not have come to look at him. 

245 épntov: )(the wishes of Zeus, n. 233. 


HryivOnv: )(the émcxapexaxia of 152-163. Pro- 
metheus considers pain the appropriate emotion : 
197, 238. 


xéap: n. 166 on the heart of Zeus. 


246 vidos é\avds: )(152-163. Prometheus is 
a mirror to his visitors, showing most self-pity 
before those who pity most. 
)(37, 120, 159. 


éhewwds: cf. 239f. Zeus feels no pity for Prome- 
theus, nor did Cratos. 


gitos is emphatic 


eicopav: Used of Prometheus at 141, 146, 244, 
245, 245, 1093. 


247 mweparépw: cf. mrépa dixns (29). 
farther, but too far. 


248 mpodépxecOar: dépxowar (cf. 54, 93, 141) con- 
nects with the triple use of écopaw in 244-246. 
mpodépxouar suggests Prometheus’ name. He can 
foresee the future, including all the pains and 
torments that are in store for him, to which death 
can never put an end: 101-103, 843. 


popov: death. Vandvik (44 f.) translates, ‘think 
beforehand of their allotment,” i.e., worry about 


Not only 
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livelihood ; but see Fraenkel on Agamemnon 1146. 
Perhaps primitive man was believed to have 
premonitions of his death as animals do. 


249 ebpwry: n. 59. 


gapuaxoy vocov: The fearful expectation of death 
is a disease, n. 225. 


250 rvgdas: Paradoxically, Prometheus also 
gave sight to the blind: 447, 499. 


é\ridas: A great aid to life (538). The Chorus 
believe that there is no hope for Prometheus 
(259). 


karwxica: planted like a colony. Prometheus’ 
hope of release lies in the colony (814) that Io 
will found in Egypt. 


251 weeAnqua: n. 222. 


ééwpnow: Gifts of Prometheus to lo—616, 626, 
778. Gifts do not come from tyrants (338 and 
n. 583). Cf. also didwu 446, 779 f., 822; dornp 
612; drafw, n. 8. Prometheus is a dorjp éawv, as 
all the gods are supposed to be. 


252 zip: Prometheus names fire third, cf. n. 7. 
@mraca: n. 8. 

253 f. The Chorus describe fire with a conven- 
tional, pictorial adjective; to Prometheus fire is 


important for what it makes possible: cf. nn. 7 
and 10. 


éxpabnoovra: cf. 706, 776, 817, 876, all used of 
Prometheus’ instructions to lo. 


255 f. renew 194f. ‘‘The word xadgq is charac- 
teristic of Prometheus’’: Schol. True; but the 
scholiasts might have carried this sort of ob- 
servation farther with profit. 


257 f. &@dov: n. 95. 


répua: n. 100. Cf. 755 f., where mpoxeiuevoy also 
recurs. Here Prometheus states that his future 
hangs upon Zeus’ caprice (cf. 233); at 755 f. he 
implies that Zeus may be overthrown. 


doxn: cf. nn. 177 and 233 on the will of Zeus, who 
is a law unto himself in the opinions of Cratos 
(50) and Ocean (324). Cf. n. 755. 


259 édmis: n. 250. 


260 jyapres: The Chorus share the view of 
Cratos (n. 9), though they sympathize like 
Hephaestus. Prometheus’ pity caused his sin, 
and Zeus’ justice causes his according to Mad- 
dalena, 139f. But observe that Zeus is never 
called just in the play, nor is he said to have 
sinned; he is merely described as a tyrant. 
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Justice is one of the great themes of the Oresteia, 
not of Prometheus: nn. 9 and 30. 


260 f. Cf. the form of 106 f., 197 f., 238. 
262 Prov: as in 257. 
&Avow: n. 235. 


tqra: So Ocean in 316. Prometheus must not 
abandon himself to despair, a thought later 
elaborated in the simile of the ill physician, 
472 ff. 

263 édagpdv: n. 125. The Chorus are airy, 
volatile (n. 133) maidens, who have flown to him 
in a winged car. 


263 f. xnuarwy Hw oda txa: Prometheus is 
caught in a net (81), and the Chorus will join him 
in the net of doom at 1078 f. 


264 éxa wapavey: Platnauer, in CR N.S. 4: 
207 f., 1954, would read éxwr rapawei, with no 
change of meaning. 


xapavew: Their father Ocean does so at 307, and 
Hermes tries it in 1007-1035. 


Tovs kax@s mpaccovras: cf. 695 (lo), 971 and 979 
(Prometheus). «i rafévres (976) expresses the 
normal state of the gods, to which Prometheus 
is an exception. 


265 Prometheus knew full well what he was 
doing: his sin was voluntary, and he did not 
repent of it. The play never shows us Pro- 
metheus in a dilemma between two duties. 


266 éxav éav: Prometheus echoes the Chorus’ 
repetition in 260. He was utterly self-willed 
(like Zeus, 50). His sin was an error of will, not 
of judgment: Pohlenz II, 20. Once before, the 
will of Prometheus coincided with Zeus’ (218), 
and it might again (192). 


japrov : Prometheus agrees with the Chorus (260 
and n.9) and with Zeus, whose view is expressed 
by Hermes in 945. 


267 apyywv: Men cannot help him (547). 
Whole verse sim. 239-241. 

avrés : emphasizes the irony of the outcome, as in 
762, where it is applied to Zeus. 


nupoynv: The ironical result of Prometheus’ 
eipquara for men: n. 59. Underlying the play 
there are a number of crucial and difficult de- 
cisions: the decision of Prometheus to place pity 
for men above fear of Zeus; the decision of 
Hypermestra to spare her husband (865-868) ; 
the decision of the Chorus to stand by Prome- 
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theus (1063-1070); and, in the sequel, the deci- 
sion of Zeus to free Prometheus. 


rovous: cf. n. 46. Of Prometheus at 66, 84, 118, 
182, 267, 282, 298, 326, 339, 615, 1027; of Cratos, 
46; of Hephaestus, 75; of Atlas, 425; of lo, 684, 
749, 776, 780, 872, 900; of Zeus, 931. 


268 wowais: n. 112. 


illuminates 92 ff. Prometheus regards 
his punishment as excessive ; later, as unjustified. 
While the evidence either way is slight, I believe 
that del Grande (100) is mistaken in attributing 
the latter feeling to the whole play. Prometheus 
knew that his benefactions to man would be a 
sin in the eyes of Zeus and he expected to be 
punished (cf. 265), but not so severely: nn. 92 
and 93. 


269 wedapcios: cf. 4f., and n. 18. 
270 éphuov: n. 2. 


Toiaot : 


ayeirovos: n. 2. 


271 ra . . . wapdvra: Other woes are to come, 
of which Prometheus knows full well (98-103, 
272). Both Prometheus and lo are in the midst 
of their troubles, especially the latter: 625, and 
observe the use of ra Awa with reference to lo 
at 634, 684, 697, 699, 703, 744 f., 780, 784, 819, 
and 844. There is extraordinary emphasis on 
lo’s being in midstream, but her future is not 
completely dark: 835, 839. Prometheus’ ulti- 
mate fate is uncertain throughout the play. 


272 xpoceproveas : cf. 127, but Prometheus does 
not speak again of fear until the very end of the 
play (1090). He alludes to his rpovéprovaa rixa 
again in 511 ff. Cf. 1024. 


roxas:n.106f. Of Prometheus in 106, 182, 272, 
288, 302, 347, 375, 398, 554. 


273 wabnre: Prometheus is usually the teacher 
)(62. At 926 even Zeus learns. 


rédous: cf. n. 100 on réppa. Prometheus relates 
his own future unflinchingly to the Chorus; he 
is pained to reveal lo’s to her (742-756). 


274 wifeobe: )(224f. The relationship be- 
tween Prometheus and the Chorus is of a type 
not possible for a tyrant, cf- 335 and n. 172. 
Prometheus cries out in a loud voice (277). 


ovprovngare: The Chorus have a weakening effect 
upon Prometheus (n. 246), who calls for sym- 
pathy from the sympathetic Oceanids ) (his rela- 
tion to Hermes. ovpurovncare, “share vicariously 
my ovo.”’ (cf. 267). 
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275 ywoyourr.: poy- of lo, 565, 594, 603. 
Travwpevn: cf. lo (n. 565). 


276 mpoorfave: The image in this and the pre- 
ceding verse is of a winged monster, flying in 
wide circles and then settling on its prey : Groene- 
boom. Cf. Prometheus’ eagle. At 1024 éprwy 


. Wavhuepos is reminiscent of ravwyévn (275). 


277 daxovoas: The Chorus share the sympa- 
thetic attitude of Hephaestus (19). 


érewitas: Prometheus shares (also in 393) the 
strident character with Cratos (73) and Hermes 
(1041). Hiltbrunner, 76, finds the repetition 
pointless ; but tyrant, henchmen and victim tend 
to become alike: nn. 155, 160, 163, 172, 173, 178, 
180, 186, 188, 199, 207, 242-244. 


279 thagpe: cf. nn. 125 and 263. 
the dog image from éreiavtas. agp@ rodi re- 
news é\agpov . . . roda in 263: i.e., the Chorus 
accept the fact that they are free and Prometheus 
is bound and willingly leave their winged car, 
the counterpart of their own unfettered impetu- 
osity, to stand by Prometheus, literally and meta- 
phorically (cf. cvuprapacrareiv, 218). 


modi: Only of Chorus (263, 279) and Io (712); 
their rushing is free, hers constrained. 


Carries on 


Kkparvoovrov: The swiftness of their car is com- 
parable to that of the winds of heaven (132). 
Cf. n. 133 on the swiftness of the maidens. 


280 aifétpa: n. 88. 

281 oiwvav: cf. 125, 129. 

282 mero: cf. n. 125. 

282 f. Their answer to 273. 
xpntw: cf. 245. 


284-396 In this scene Ocean and his daughters 
take no notice of each other. Perhaps, as 
Pohlenz suggests, the Chorus withdrew to where 
Ocean could not see them. Be that as it 
may, the important point is that Prometheus 
is the center of attention throughout the play 
(Thomson). 

The role of Ocean has been variously inter- 
preted. Patin, who has found a few followers, 
was the first to find Ocean comic. Vandvik, 45, 
considers him ‘‘noble and engaging.’” On Ocean 
as a courtier, cf. n. 122. 


284 dodkixns: Ocean emphasizes Prometheus’ 
remoteness (n. 2) and his own benevolence, but 
his toils are as nothing compared to those of 
Prometheus and lo, who one day will attain 
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dodtxns Téppa KedeiOov (n. 100). Ocean’s journey 
is long in comparison with his daughters’, who 
were within earshot of Prometheus’ chaining 
(132-134); and Cammelli (40) points out that 
any journey might seem long to Ocean, since he 
may never have taken a long trip before, [liad 
20.7-9. 

réppa: n. 100. 


xedei9ov: Used of the journeys of lo (723, 837) 
and Hermes (962). Prometheus sends Ocean 
and Hermes back where they came from, while 
to lo he gives helpful instructions. 


286 mrrepvywxn: Ocean’s mode of transport, 
whatever it is, is analogous to his daughters’ 
(135). 


oiwvov: Variously identified as a winged horse, a 
griffin (Schol.), a flying fish (Thomson). List in 
Groeneboom, 146 f. and n. 152. Cf. n. 395. 


287 yvwun: cf. the Phaeacians’ ships, Odyssey 
8.559. yvwyn distinguishes gods from primitive 
man (456), into whose life Prometheus intro- 
duced it (443 f.). 


oroulwy &rep: )(Prometheus in 1009. Ocean 
treats his olwvds better than Zeus treats Prome- 
theus: cf. 23, 32, 395 f. 


eiOivwv: cf. 324. Ocean directs his steed by 
democratic methods, whereas Zeus uses the 
arémov of tyranny (1009) to bring Prometheus to 
account. 


288 The tone of this line resembles the tone of 
the Chorus (e.g., 244 f.), but to& casts a shade 
of doubt on Ocean's sincerity (Harry), for one 
says to& when one expects not to be believed. 
dox@ in the next verse may have a similar effect. 


289 ro. . . Evyyevés: influenced Hephaestus 
in 14 and 39, and the Chorus speak of their kin- 
ship with Prometheus at 555-560; but the fear 
of Zeus is stronger. Prometheus, in his dealings 
with men, was influenced neither by 1d tvyyevés 
(cf. anadiplosis of 66s), nor by fear of Zeus. 


290 tcavayxatea: cf.n. 16. Ocean’s allusion to 
avayxn Casts an ironical light on his character, for 
avayxn compels him to feel sympathy with Pro- 
metheus; but Prometheus easily dissuades him 
from taking action, whereas Prometheus and 
even Zeus himself are truly in the bonds of avayxn. 


292 yoipay veiuap’: portion at a feast, as in 631. 


293 yrwon: cf. 309, 377. Ocean assumes the 
role of a teacher to Prometheus, though Pro- 
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metheus is par excellence the teacher: n. 193. So 
also when Ocean uses the word éruy’: cf. n. 595. 
parny: is thrown back at Ocean in 342. 


294 xaproyhwooeivy: cf. nn. 172, 173. Ocean 
claims the bluntness of Prometheus (180), 
though he later criticizes Prometheus for it 
(318 f.). The characters of the play are remark- 
ably outspoken, especially Prometheus (whose 
tongue alone is free), but there is some xapi- 
royAwoceiv at the beginning : Hephaestus, Chorus 
and Ocean; and Prometheus himself shows con- 
sideration towards Io. Ocean's disclaimer of 
xaptroyAwoceiv is its deathblow, for the remainder 
of the scene shows mounting annoyance and 
anger. 


éx: inherent, cf. 224. If Méautis’ interpretation 
of Ocean as an adroit courtier is correct, then this 
statement must be quite false. 


295 onwaw’ : cf. 565, 618, 684, 763, all addressed 
to Prometheus the revealer, cf. n. 193. Prome- 
theus’ answers to these five requests grow pro- 
gressively more important, the last answer being 
the revelation of the threat that hangs over Zeus’ 
head. 


ouprpaccey: is the natural result of 7d Evyyeves, 
but it never follows in P.V.: Hephaestus chains 
Prometheus, Ocean does nothing for him, 49 
Danaids slew their cousins (855), and Prome- 
theus betrayed the prerogatives of his kindred 
gods tomen. What cooperation is mentioned in 
the play (ovyrapacrartw 218 and ovyxabiornu 
305, of Prometheus’ helping Zeus to power; 
cuvaipw 650, of Io and Zeus) leads to dreadful 
consequences, for no good can come of cooperat- 


ing with a tyrant, as Prometheus tells Ocean 
(304-306). 


297 vidos: Ocean is not truly Prometheus’ 
friend. His daughters declare their friendship 
for Prometheus at their first appearance (128, 
cf. 546) and prove their friendship at the crisis 
of 1063 ff. Ocean thus turns out to be weaker 
than his daughters. 


BeBadrepos: The firm friendship of the play is 
Prometheus’ for man (123). 


298 xrovwy: n. 267. 


299 éxonrns: 69, 91 ff., 118, 141, 146, 151 f.; 
302, 304. 


éré\unoas: While visiting Prometheus, Ocean is 
shirking his duty: cf. aeBeorov (532). Prome- 
theus adopts the same tone towards Ocean that 
Cratos used towards Hephaestus (14). 
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300 érdvupor: cf. 733, 850, and n. 15. 


301 airoxrir’: cf. Hesiod, Theog. 813; but 
Rackham in CR 41: 9, 1927, prefers ‘‘made by 
yourself.” 


ayrpa: n. 133 f. 


ovdnpounropa : cf. 242. 
(Sikes and Willson). 


302 Oewpjowvy: cf. 299 and Oewpds at 
“Ringcomposition” : van Otterloo, 86 ff. 
roxas: n. 272. 


303 cvvacxadayv : 162, 288, 243. Enemies come 
to stare and jeer; friends, to sympathize and to 
witness Zeus’ harshness. 


304 dépxov Péaua: 69, 119, 140. 


Avs gidtov: formerly. Prometheus’ answer to 
296 f.: no friendship is necessarily firm and last- 
ing, and friendship with a tyrant is especially 
insecure (225), for it cannot admit the frankness 
that is the hallmark of true friendship (611). 


Cf. n. 295. 


Ocean is out of his element 


118. 


305 ovyxaracrncarvra: 199-225. 


304-306 Cf. 92-95, 141-143: Cammelli, who 
handles this scene carefully and completely. 


305 rvpavvida: nn. 10 and 222. 
306 oias: as in 93, 141, 268. 
anpuovaior: n. 237. 
Kaprroua : nn. 32, 237. 


307 dpa: as Cratos to Hephaestus (70). Cf. 
n. 299. Ocean witnesses as the Chorus did at 
141: Cammelli. 


mapavéica: Not welcomed by Prometheus (n. 
264), although that is exactly what he did for the 
Titans (ra Agora, 308 and 204). 


308 wouxihw: cf. 59,62. Prometheus is in some 
respects like Odysseus: cf. 560s (213). 


309 yiyrwoxe cavrdv: “endeavor to know thy- 
self’’) (yr@, denoting accomplishment. Cf.n.72. 


peappoodu : Ocean advises a change of character, 
which would be impossible for the inflexible 
Prometheus. pe@apyooa is Ocean’s answer to 
xaumrroua (306) with all its implications. 


tpomovs: i.e., his philanthropy (11 and 28). 


310 véous : Ocean is a time-server and a courtier 
(Groeneboom, 146 and n. 151), who can adapt 
himself to any change of administration. On 
anadiplosis: n. 29. On mew: n. 35. The doub- 
ling of véos is the converse of the doubling of 6¢6s: 
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Prometheus should act suitably to the new situa- 
tion instead of being at odds with his fellow-gods. 


ripavvos: n. 222. 


311 rpaxeis: n. 80. Cf. 324: a tyrant may be 
tpaxis, if he chooses; a subject, such as Pro- 
metheus, should not adopt this character. 


reOnyuevous : Prometheus’ words are like the wedge 
driven through his breast (64). Hate is like a 
sharp sword wielded by enemies against one 
another: cf. di@nxrov . . . tigos (863), of the 
Danaids. Hypermestra, who allowed the edge 
of her hatred to grow dull (866 f.), exemplifies 
the only way that Zeus and Prometheus can ever 
be truly reconciled. Ocean’s statement is pro- 
foundly true, though in his mouth it may be no 
more than an expression of his wordly wisdom. 


312 pipes: Words are Prometheus’ only weapon 
(cf. 1043 and n. 180): Harry. 


313 @axav: cf. n. 201 on the implications of this 
throne. 


rax’ ay... «dbo: Zeus, of course, is not 
omniscient: he sees what he looks at (54), and 
he hears if he happens to be listening. 

312-314 Fulfilled at 947 ff.; similar warning 
in 934. 

314 wapovra: cf. n. 271. 


poxdwv: of Prometheus, 99, 244, 314, 541, 756, 
1026. Turned against Zeus at 913. Cf. n. 383 
on Ocean. Never used of lo; because her suffer- 
ings were not of a violent enough nature (y6x@o0 
used of Heracles’ labors)? Prometheus helped 
to relieve the pox@jyara of men (464), and he 
must suffer uox@0 in payment: n. 18. 
madcay: cf. n. 31. 

315 radairwp’: n. 231. 
épyas: n. 80. 

316 (mre: The Chorus gave similar advice in 
262. 
mnuarwv amaddayas: Also at ends of 471, 754. 


Cf. 749 f. (lo). A descendant of Io will secure 
Prometheus’ release (773). 


317 dpxai’: Ocean means that his advice may 
sound like a succession of outworn platitudes 


(e.g., 309). Is this veiled irony? Ocean uses 
old adages to preach the new order (309 f.). 


318 roavra: refers to oias in 306. 
ayav: n. 72. 


ivnyopov: n. 18, and of Typho at 360. 
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319 yAwoons: Speech reveals the mental state 
—Ocean finds Prometheus too haughty and vain 
(329); Cratos reveals his unfeeling harshness 
(78); and lo betrays her madness (884). 


320 ramrevds: as the subjects of a tyrant should 
be. But at 908 Prometheus predicts the hum- 
bling of Zeus: toa mpds ica. He scornfully re- 
pudiates rarevorns at 1003-1006. 


ov’ eixers xaxois: cf. 178 f. 
321 xpos trois rapovor 6’&\Xa: n. 314. 


322 didacxaxw: Ocean again tries to assume 
Prometheus’ role, as at 293 f., 307 f. 


323 xévrpa: 597, 692; cf. waorE (682), AaxTifw 
(651, 881)—all of cattle: Dawson, 238 f. and his 
n.2. Cf. nn. 5 and 81 sup. 


n. 311. 


povapxos: Only here. The courtier’s synonym 
for ripavvos, which Prometheus did not hesitate 


to use (305). Cf. the Chorus’ estimate of Zeus 
in 184 f. 


324 rpaxis: 


ovd’ iwevOvvos: A technical term in Athenian de- 
mocracy, as in Persae 213. Cf. n. 50. 


xparei: n. 148. 


326 Cf. 262. Ocean regards himself as un- 
commonly persuasive, but cannot succeed with 
Prometheus. 


327 joixate: ‘lie low,”’ which is the equivalent 
for Prometheus of “‘stop talking,” since Pro- 
metheus can do nothing. But to the teacher, 
revealer and aggrieved victim of injustice it is 
utterly impossible to stop talking, and the advice 
offends Prometheus, cf. 344. 


pnd’ a@yay: Ocean now uses the other famous 
apxatov (317, n. 309). The adage also occurs 
at 72. 

AaBpoordue : cf. 180, 311, 318. 
AaBpws of the eagle (1022). Ina sense, the eagle 
AaBpoorouec Prometheus: the violence of the 
eagle’s beak punishes the violence of Prometheus’ 
words. Io describes herself (600) as AaSpocvros 
)(Prometheus’ immobility. AaBpocropety is a 
converse of xapiroy\wooeiv (294): Ocean is a 
smooth and persuasive fellow, while Prometheus 
is as fierce as a wild beast. 


328 oix oic8a: nn. 186 and 322. 


axp.Bas: A further jibe at Prometheus’ wisdom. 
The word does not recur; elsewhere Prometheus’ 
knowledge and pronouncements are characterized 


Animal savagery : 
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by cagnras, cages, oxeOpas, Topas, oix aimxrnpiws 
(see Index), some of which adverbs certainly 
mark Prometheus as an oracle comparable to 
Delphic Apollo. It is ironic that Ocean should 
heap Delphic wisdom (309 and 327) on such a 
one. 


repiocdgpwy : cf. 62. Ocean, who began by claim- 
ing to be Prometheus’ firmest friend; now adopts 
the point of view of Cratos and of Hermes in 944. 
Cf. n. 72. 


329 yAawoon: n. 319. 
paraia: Prometheus’ retort in 342. 
¢nuia: Retort in 382 f. 

330 Cf. 263-265. 
airias: cf. 194, 226, 255. 


331 rerodunxas: At 299 Prometheus questioned 
Ocean's courage, a quality on which Prometheus 
prides himself (n. 235). At 381 Ocean accepts 
the heavy irony literally: so Grene in CPh 35: 
36 f., 1940. But Denniston in CR 47: 164, 1933, 
denies irony and emends to wavrwy peracxeiv 
(Weil) od rero\unxas, while Thomson suggests 
(his n. 347) wavrwy peracxeiv 5¢ rerokunxws 7’ Epoi. 
Groeneboom supposes a verse lost after 331. 
Cammelli, following Wilamowitz and Mazon, be- 
lieves that Ocean did help Prometheus in some 
way of which we know nothing. Preferable to 
the latter hypothesis is that of Solmsen (129, 
n. 23) that Ocean could be regarded as a helper 
because he was a Titan and a brother of Cronus. 


332 éacov: is turned back at Prometheus in 
384. 


peAnoarw: Prometheus urges Ocean to feel the 
same indifference to him that he feels towards 
Zeus (938). Ocean might as well be an out and 
out member of Zeus’ party, for he has been 
talking like Cratos (328). 


333 weicas: 34 and n. 172. 


334 waxrave: recurs in Hermes’ mouth (1034). 
dueivwy is in both passages too: 335 and 1035. 


axnuavOns: Ocean may suffer rjyara such as Pro- 
metheus experiences (316). 


335 Cf. 322, 328, 473 ff. 


gpevowv: As Prometheus did for men (444). 


égus: Ocean delineates Prometheus’ essential 
characteristic, as Hermes does his own at 969. 


Cf. n. 224. 
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336 cavrov: 309 hovers in the background. 
épyw xod Noyw: 1080. 


rexpaipoua : Ocean uses another Promethean word 
(cf. ddacxadw, 322): 454, 605. 


337 dpudpevov: expresses Ocean's eagerness 
(xpoOvpias 341, wpobvpeioPac 381) to serve Pro- 
metheus. Ironical echo in 393. 

338f. dwpady . . . d&wcav: Prometheus, 
Zeus, is the giver of gifts: n. 251. 

339 é&djtdoa: n. 27. 


not 


340 The whole verse is ironical, and the words 
ovdayp An~w woré express, though in a trivial con- 
text, Prometheus’ inflexibility: n. 165. 


341 mpobvpias: n. 337. 


342 unéev rove : rovos three times in two verses. 
Don't play at being Prometheus, for rova belong 
to Prometheus (n. 267). 


parny: Ocean’s pleas to Zeus would prove as 
futile as Prometheus’ denunciations (329) and 
Ocean's smooth words (293): cf. 333. Pro- 
metheus here assumes the tone of Cratos at 
44: cf. n. 299. In 1001 Prometheus adopts the 
same tone to Hermes. oivdéy agedav: It is useless 
for Ocean to try to adopt the role of Prometheus 
(n. 222). 


343 @é\as: echoes 321. 
344 jobixate: Prometheus’ angry retort to 327. 


cavrov: echoes 336 and 309. In fact, joixate 
gavrov has the form of yiyrwoxe cavrév, although 
the syntax of cavroyr is different. 


txroday : cf. 263. 

345 f. Prometheus is as compassionate towards 
Ocean as he was to man. His tone relaxes its 
bitter irony as he prepares to tell of his brothers, 


Atlas and Typho. Or does he ironically assume 
Ocean's altruistic tone? 
345 dvorvx@: So Chorus in 508. Cf. n. 272. 


346 @édAo.w’ : O€X\w sheds its irony (321, 343) and 
expresses Prometheus’ nobility of character, as 
we see it again in 443-450 and in 239. 


anuovas: picks up rnuarOys (334). 
347 rixa, rvxeiv (346), dvorvx@ (345): n. 272. 


350 &x@os: cf. the burden of Prometheus’ suf- 
fering in 26. 


oix evayxadov: Atlas’ fate is the converse of Pro- 
metheus’ (1019). 
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351 ynyern: 567, 677. 


352 iéav: In the sympathetic spirit in which 
the Chorus look at Prometheus. 
&xripa: The compassion of Prometheus forms the 


bridge between the end of his first dialogue with 
Ocean (345 f.) and his monologue. 
davov répas: Typho, the violent, was violently 
overthrown by Zeus, who one day may have to 
face a more serious encounter (921). 

353 pds Biay: n. 74. 


354 Typho resisted all the gods, as Prome- 
theus did: n. 29 and 975. Headlam’s emenda- 
tion, Oeds . . . Geois, strengthens the parallel. 

355 cpuepdvaios yauynAaiotk = aypias yvabos 
(368), but heightened. Typho was more terrible 
when free, but retains his essential character in 
captivity. 
avpifwr : Typho had snake heads, cf. Hesiod’s de- 
scription in Theog. 820 ff. 

356 Cf. n. 53. 


yopywrov: lo encounters the Gorgons in 799. 
As will be noted later, most of lo’s adventures 
have points of contact elsewhere in the play: 
the lengthy tale of her wanderings is not solely 


a geographical digression. 
357 rvpavvid’: n. 222. 

éxtépowr : cf. 956. 

Bia: n. 74. 


358 aypurvov: refers to Zeus, who was ever 
watchful (Sikes and Willson). The word also 
describes Argus, and is applied to Prometheus 
at 32. 

Béd\os: Typho strikes back (371) in the only way 
he can: cf. Prometheus, reduced to words. Zeus, 
however, has been struck by the arrow of love 
(649): and if he should be similarly smitten of 


Thetis, his thunderbolt (917) would thereby lose 
its power. 


359 éxavéwy gdoya: cf. Typho himself in 371. 


360 éterdnte: Here the word is used ina natu- 
ral way: cf. n. 134. 


ivnyopwr : cf. Prometheus in 318. Thomson notes 
that Prometheus fails to see the application to 
himself. 


361 xopracuarwrv: Of 
Zeus at 1031. 


362 oéevos: n. 55. 


Prometheus at 947, of 
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363 axpeiov: Typho’s efforts and labor came to 
nothing—cf. the theme of wasted labor in Pro- 
metheus’ dialogue with Ocean, n. 342. 


déuas: Four times of bodies tortured and confined 


(living, but reduced to the status of a structure) : 
146, 1018, 1051. 


365 Typho beneath Etna, Atlas under the 
western mountains (348-350), Prometheus atop 
the Caucasus, the three brothers are well sepa- 


rated. Typho and Atlas are hidden from jeering 
observers: cf. 151 ff. 


366 yuvdpoxrurei: So Hephaestus hammers on 
Prometheus in the Prologue. On xriézos, n. 133. 


367-369 An instance of Prometheus’ prophetic 
powers: cf. 101 ff., 209 ff., 848 ff. 


368 worayoi: Another destructive river in 717. 
darrovres : Typho wreaks his destructive anger on 
others; Prometheus (437), to a certain extent, 
on himself. 


aypias yrabos: n. 355. 


369 devpois: Used also of the path of aether 
(394), over which Ocean is free to move and in 
which Prometheus is confined. )(the rocks, 
which are dxpioes (281, cf. 1016), etc. Sicily is 
the antithesis of Scythia: xad\cxapzov) (avnporous 
708. Editors identify the description with the 
great eruption of Etna in 479/8 B.c., thus getting 
a terminus post quem for the play. 


370 xodov: Of gods in general (29), Titans (n. 
199), Zeus (376). The eagle probably attacks 
Prometheus’ liver (1025) because of his épy7 (378 
and n. 80). 

371 ax\arov: dangerous to approach, n. 
BéeXeor: n. 358. 


Tuprvoov: Nn. 


125. 


359. The collocations Bédos . 
éexrvewy (358 f.) and Béed\eor wuprvdoov make the 
parallel conspicuous. 


372 xepavyg: Zeus’ principal weapon, used 
against Typho (359-362, 372), Inachus (668), 
and Prometheus (1017), is not invincible (922) 
in Prometheus’ opinion. 


nvOpaxwueévos : 362. 


373 ddacxadov: Prometheus was angered by 
Ocean's claim in 322, cf. n. 193. 


:n. 344. 


374 ceavtoy ogi’ 
to 309. 


Prometheus’ retort 


émws émioraca: Ocean is a coward, n. 331. 


éxioraua is a Promethean word, like ddacxados 
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and rexwaipw (n. 336), suitable in the mouth of a 
teacher. Ocean's knowledge is not of the future 
or of useful arts, but the knowledge of a courtier 
—how to keep out of trouble through all changes 
of administration (307-310): cf. 265, 840, 967. 
Hermes attributes wisdom to Zeus (980, 1032) 
and denies it to Prometheus (982). 


375 wapovoay: n. 271. 


avr\now : Prometheus is prepared to drink his cup 
of suffering unaided by mortals (84) or Ocean. 


rixnv: n. 272. 

376 Cf. 175-177, 190-192. 
Awehon: n. 27. 
xoAov: n. 370. 


377 f. Ocean comes back to his offer of 338. 
Ostensibly the adage refers to Zeus’ wrath (cf. n. 
592), but it is equally applicable to Prometheus’. 


yryvwoxeas: Ocean again tries to teach Prome- 
theus: cf. 293, 307 ff., 322, 335 f., 373. 


épyns: n. 80. 
vooovens : n. 225. 


iarpoi: Prometheus himself was a physician to 
men : 478 ff., cf. 473 f. 


379 f. xarpw: n. 507. 


padOacen: The Scholia quote Hippoc.: rérova 
gappaxebey, uy Gua. Cf. n. 79: softness would 
seem to be equally impossible for Zeus and Pro- 
metheus. padOacow, cgpryaw and icxvaivw are all 
medical terms, and Ocean’s metaphor is from the 
reduction of a swollen joint by soothing applica- 
tions—Thomson ; Dumortier, Images, 30 f. 


xéap: n. 166. Prometheus too had _ believed 
(186 ff.) that Zeus’ heart could be softened. 


Bia: n. 74. The wrong approach in medicine as 
in politics (208, 212f.). Cf. 1008 and 1010 
(uadOacon . . . Baty): when padaxol Adyo fail, 
Hermes tries Sia and fails equally. 

381 xpobvpeioPa: n. 337. 
rod\pay: Ocean was stung by 374: cf. n. 331. 


382 {nuiary: cf. 329. Ocean is surprised at the 
self-confidence of Prometheus, who is clearly (to 
Ocean) the guilty one. 


didacxe: Ironical, cf. 373. ‘Show me, if you can.”’ 
In the play many sincere questions are addressed 
to Prometheus by the Chorus and Io (the oracu- 
lar power of Prometheus accounts for the extra- 
ordinary number of interrogative sentences), and 
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many sincere appeals for information are directed 
to him: 193, 606 f., 618, 625, 631, 634, 698, 763, 
765, 779, 782 f., 821 f., 950. 


383 Groeneboom notes that this biting retort 
is confined to one verse. 


poxGov: n. 208. 


mwepiooov: Wasted labor, as in 363, 342f. Pro- 
metheus’ retort to repocdgpwy (328). Ocean 
regards Prometheus as too wise for his own good, 
while Prometheus considers Ocean a meddling 


busybody. 


xovgévouy . . . einfiav: Tempting challenge to a 
teacher (443 f.). 


384 éa: 332, 978. 
voow vooeiv: n. 378. 


385 It is better to be wise and considered 
foolish than to have the reputation for wisdom 
(weproodgpwv) and be foolish: cf. 335 f. 


386 doxnoa: picks up doxeiv, as often in angry 
retorts: e.g., 69 f. 


aurdaxnu’: A new interpretation of Prometheus’ 
sin: it was folly, not theft (112). Cf. the theme 
of aBovdia, introduced at 18 and exploited by 
Hermes (1012-1035). Cammelli sees in this 
verse a covert warning to Zeus, since Prometheus 
is looking to his future liberation, cf. 389. 


387 cagas: As Prometheus usually expresses 
himself, nn. 227 and 328. 


oréAXe : Ocean is right (392). 


388 Opnvos : Ocean's lamentations would be use- 
less (43), and might even anger Zeus (cf. 313). 
éx8pav: Prometheus’ own state—37, 120, 158, 
864, 973, 975, 978, 1042 bis. Prometheus’ inten- 


tions are kind (345 f.), although he is offensively 
blunt. 


389 renews 201 ff. On rayxpareis: n. 149. 


390 guAdcoou: cf. 373 f. Prometheus warns lo 
in 715 and 804. Now he is teaching Ocean (382, 
391),-who proves a quick pupil. 


&xGeo0 : n. 370. 
xéap: n. 379. 
391 cupgopa: cf. 974. Of Zeus at 758. 


dibaoxados: Ocean accepts Prometheus as a 
teacher, cf. nn. 322, 373, 382. Prometheus’ fate 
is more instructive than his words, as Prometheus 
implied in 373 f. 
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392 Similar angry sequence of imperatives at 
937. Spoken in a loud voice (393). 
oréddov: 387. 
owe: renews 
himself. 


374—Ocean will thereby save 


vouv: good sense ) (383. 


393 dpuwuéerw: As eagerly as at 337, but in a 
different direction (so Reinhardt, 46). Ocean 
shows the same volatility as his daughters (n. 
133); but whereas he suddenly decides to 
abandon Prometheus, they unexpectedly resolve 
to stay by him (1063 ff.). Motility of water? 


Mavias: n. 277. 


394 devpdv . . . oiwov: )(Scythia and the Cau- 
casus, 2 and n. 369. Ocean's life is untouched 
by suffering. 


395 rerpacxeAys : seems to eliminate Thomson's 
flying fish, n. 286. 


395 f. Gopevos . . . xauWeey yoru: nn. 23 and 
32. Ocean consults the whims of his steed; 
Nature may accidentally please Prometheus, who 
is reduced to the status of a domestic animal that 
is cruelly treated. 


FIRST STASIMON: 397-435 


397 crévw: The key-word of the ode (Thomson, 


Groeneboom). Van Otterloo, 50, traces the 
series: 397, 406, 409, 413, 430, 432, 433, 435. 


398 rixas: n. 272. 


399-401 Emended by Platnauer in Humanitas 
(Coimbra) 4: 71-75, 1952. 


399 daxpvoicraxroy: 144 ff. 
bcouwv: The seat of sympathy, n. 144 ) (356. 
401 rayais: n. 89. 


403 Cf. 150,187 f.,324. Prometheus dared to 
maintain his idia yraun against Zeus (543). 403- 
408 sim. 148-151. 


404 irepnyavov: cf. iWnyopos (318, 360). 
is as high-handed as Prometheus. 


Zeus 


Oeois rois mapos: cf. 151. 

405 aixuar: 925. 

408 yeyadooxnyova: cf. meNwpra (151). 
apxasompern: ) (véor Geoi. 


410 riway: suggests the theft of riwai (n. 30), 
which produced their fall, and the probable 
restoration of Prometheus’ lost tiuai at the end 
of the trilogy. 
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414 @varoi: who cannot, however, help him. 
(723 ff.), 


Danaids are 


416 paxas arpecra: The Amazons 
whom Io will encounter. The 
similar. 

417f. Cf. 1f. 

421 iWixpnuvor: cf. 5. 

423 das: Of Typho in 352. 


424 dturpwpoo.: Metaphor from boats pre- 
paring for the éu8odn: Groeneboom. Cf. gadfly 
(674), griffins (803), and Prometheus’ eagle, all 
of which are armed to war on Prometheus and lo. 

425 Why had they not seen Typho? Sicily 
far from Ocean? 

425-430 much emended. 
N.S. 2: 1f., 1952. 


426 dayevr’: of Prometheus 165, 601. Cf. n. 6: 
Zeus is destined to be overthrown, as were the 
Aegyptiads (861). 


See Longman in CR 


ddapavrodéras . . . Apacs: cf. 148. 


427 cicidouary: n. 146. 


428 imépoxov: cf. imepngavov: of Zeus (404). 
Zeus and his opponents were all titanic. 


o6evos: n. 55. 


430 imocrevafa: cf. n. 397. Hermann’s emen- 
dation, brooreyafa, is more literal and prosaic; 
on the other hand, all the occurrences of orev- in 
the ode might cause the alteration of orey-. 


431 xévrios: Prometheus calls on the sea for 
sympathy in 89. 


432 tuurirywy: in sympathy. Compounds of 
ovv- denoting sympathetic feeling or helpful ac- 
tion are common in the play: ovyxabiornu 305; 
ovyxapvw 414, 1059; cippaxos 221; cuprapacraréw 
218; cuurovew 274; cuprpacow 295; cvvaipw 650; 
ovvad\yéw 288; cvvacxadaw or -acxadd\w 243, 303; 
ovvbadrw 685. 


433 “Acéos uvxes: Where Prometheus 
would have liked to be confined, n. 152. 
434 rayai: cf. 89, 401, 431. 


435 adyos: 197 f., 261, 699. 
oixrpov : rounds out the theme of the ode, n. 397. 


SECOND EPISODE: 436-525 
436 xXép: is ironical, as in 972 f.—the wanton- 
ness of the rich, luxuriating in their soft life (466). 
ai@adia: 50, 324. Cf. Prometheus’ treatment of 
Ocean in the preceding scene (Wilamowitz, 120, 
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122) and of Hermes later. The wedge (64) is a 
manifestation of Zeus’ ai@adia (cf. 907, opp. 
ramevos) ; used of Cratos in 79 (opp. wadaxia) ; of 
Prometheus in 964, 1012, 1034, 1037 (opp. 
evBovXia). 


437 ovyav: Prometheus must have remained 
silent for a time after 435, as during 1-88 and 
perhaps after 587. Cf. 106f., 197f. When he 
is silent he is pondering his situation, as the fol- 
lowing words show. On Aeschylean silences in 
general, cf. Groeneboom. 


darroua : cf. n. 368 and the eagle’s attack. 
438 xpovcedovpevor: n. 93. 


439 f. Superficially inconsistent with 299. P. 
Roussel in Rev. de phil. 44: 244-247, 1920, sees 
an allusion to Hes., Theog. 535 ff. One result of 
Prometheus’ civvaa is the realization that Zeus 
would have had no yépa to distribute if Pro- 
metheus had not helped him to power: so Scholl. 
and M. Wecklein. Prometheus has been ponder- 
ing Zeus’ ingratitude: cf. 239-241, 304-306. 
veas: n. 35. 


yépa n. 38, and cf. riz, which is very close in 
meaning. 


duwpioev : corresponds to deororxivero (230). 
metheus’ uniqueness, cf. 234. 
441 f. Cf. 373 f., 827. 


442 xnyara: identifies Prometheus with men 
(Havelock, 56). 


443 f. Prometheus as wise man and teacher. 


Pro- 


444 ypevar: is picked upin 472. By giving men 
wisdom Prometheus made them like himself. 


446 dédux’: n. 251. 


etvoav: cf. 11, 28, and )(tyrants, who think only 
of their own welfare. 


éEnyovmevos: n. 214. 


447 f. Wasted labor, as in 342f., 383. Cf. 
Matthew 13: 13. 


449 yuaxpor Biov: The life of primitive man was 
tedious, as Prometheus’ aeons of suffering will 
be ) (537: a long life can be pleasant, if nourished 
by hope. Prometheus gave man hope (250). 


451 ff. xpoceidous . . . avndios : like Hades (433) 
and the Chorus’ dwelling (133 f.). 


454 réxuap: n. 336. 


456 aGrep yvwyns: )(the wise Prometheus. (Cf. 
n. 287. 
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458 dvoxpirovs: Prometheus was an oracle to 
men (486, 662). 


459 cogicuarwy: Picked up in 470 ironically, 
just as gperdv (444) in 472. Cf. n. 62. 


460 éttnipor: n. 59. 


461 épyarnr: leads over to the domestication of 
animals: Nestle, 20. 


462 tevta . . . & fvyoio.: Prometheus and Io 
are yoked like animals, nn. 71 and 81. 


xvwdada: sc., before they were tamed. Typho 
too was tamed : 355, 368. In writing cv@dada and 
466 could Aeschylus have been influenced by 
Odyssey 17.310 and 317? 


463 dovreiovra: The status of domestic animals 
and of the victims of tyrants, opp. &pxev (n. 927). 

464 diadoxa poxOnuarwy: cf. 1027. Zeus may 
be ungrateful for Prometheus’ services, and man 
may be helpless to aid, but Chiron will be for 
Prometheus what Prometheus was for man: ¢f. 
n. 1026-1029. 


465 giAnvious: Animals are suited to subjection, 
Prometheus is not (1009 f.). 


466 xd:dns: n. 436. 
468 nipe: n. 460 and 469. 


469 unxavquar’: cf. n. 59. At 989 Zeus fails 


to find a unxarqua. 

469-471 Cf. 239-241 and 473-475. Prome- 
theus speaks of himself as a clever man who could 
discover no device to help himself, and the 
Chorus compare him to a physician who can 
find no remedy for his own disease. The four- 
line “buffer’’ of the Chorus (472-475) thus has 
the form of the end of Prometheus’ first speech, 
while at the same time it introduces the subject 
of his second. 


oogiop’: n. 459. 
mwapovons: n. 271. 


mnuovns: n. 442. Prometheus relieved the rqyara 
of men, but cannot relieve his own. 


amradX\aya@: n. 316. 

472 aixés: The Chorus accept Prometheus’ own 
estimate, 438 and n. 93. 
any’: picks up rnyor7s. 
gpevav: Prometheus, who made man intelligent 
(n. 444), wanders in his own wits. At 842 he 


vindicates the soundness of his gpéves. He never 
raves as lo does, but his despair and denuncia- 
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tions of Zeus seem to the Chorus to verge on 
madness. 


473 dara: Literally true of lo (565, 572), but 
Prometheus is immobilized: cf. the irony of 
€hagpais (125), xivvywa (158), EXagpdy (263), 
éX\agpoi (278). 


378. Physician, heal thyself: Mark 
15: 31. The simile goes from iarpés to idotpos 
in 475. On the image of the physician see 
Mielke, 21 f. 


vooov: n. 378. 


larpos: n. 


474 aOupeis: His disease is aOupia. 


ceavrov: cf. n. 374. The word reminds us how 
full their father was of advice to Prometheus for 
self-improvement. 


475 eipeiv: picks up nipe (468) and ékevpav 
(469), and emphasizes the fact that the Chorus’ 
simile is a variation on Prometheus’ closing state- 
ment. Cf. n. 59. 


gapuaxas: )(Prometheus’ successes in 249 and 
480. At 606 Io asks for a gapyaxov, which she 
receives. 

iaoimos: n. 473. 


477 réxvas: binds the speech together (Thom- 
son’s n. 492): cf. 497, 506, and nn. 7, 87, 110. 


mwopous: 111. At 59 Cratos expressed the fear 
that Prometheus could find a zépos for himself 
out of his difficulties, a fear as yet unjustified 
(469-475). 


éunoaunv: makes him rodviynris, like Odysseus, cf. 
206, 213, and his many sufferings. 


478 ts vocov réco: Prometheus takes his cue 
from 473f. He is still proud of his services to 
men (rd. . . weyiorov) despite the apparent in- 
curability of his own ills. 


479 oix fw adétnu’: cf. axos . . . obdey (43). 
Opnveioba is no remedy, and Prometheus himself 
gives it up (615). 

480 vappyaxwy: renews gapyuaxas (475). 

482 tata: n. 170. 
nmiwy: an epithet of gapyaxa in Homer (Bergson, 
86). Otherwise, one might suppose that the 
word was intended to show Prometheus’ eivoa 
(446). 
axeoparwr: cf. n. 479. 


483 vogous: n. 378. 
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483 ff. The transition from medicine to sooth- 
saying was easy because of the iarpoyayris (e.g., 
Empedocles), who was concerned with both: 
Nestle, 20, and Groeneboom. 


484 yavrixns: Io visits Dodona (831) and her 
life was changed by Delphi (658, 669). Pro- 
metheus himself functions as a soothsayer to her. 
éoroixioa : Human improvement was the realm of 
Prometheus (cf. 230). Prometheus set in order 


that part of Zeus’ realm that Zeus himself 
neglected: n. 231. 


485 dveparwr: cf. lo’s dreams (645 ff.), which 
proved imap. 


486 dvexpirous: n. 458. 


487 étyvwpc’: Prometheus the teacher: 110, 
(322), 373, 391; (10), 196, 382, 634. 
488 yay~uwrixwv . . . olwvav: of which the 


eagle is one. 


oxpas: Prometheus brought man to his own 
level (102): n. 444. 


489 duspic’: As in 440 for the gods. In these 
two passages Prometheus speaks of himself as a 
Zeus, setting in order the affairs of both gods 
and men. 


490 diarar: 
9, 1927. 


492 All the nouns are elsewhere applied to 
Prometheus’ relations with Zeus: é@pa to their 
present enmity (n. 388); crépynOpa to the possi- 
bility of a future reconciliation (11, and Pro- 
metheus’ own interpretation at 191 f.); and 
ovvedpiaa which can mean ‘“‘sitting in council to- 
gether,”’ to their past cooperation (216-221, 
where BovAais alludes to their deliberations). 


494 daipuoow pds jboviy: cf. 660. The gods are 
capricious, and men can hardly know how to 
please them without soothsayers. 


“habitat’’—Rackham in CR 41: 


495 eiyopgiav: The eipopygia of Prometheus’ 
liver will be damaged (1025). 


497 dvoréxuaprov: n. 336. 
rexvnv: n. 477. 


498 Siwoa: As he does literally for lo at 707— 
735, 790-815; NB. 706, 813. 


groywra: 253, 791. 
onuata: n. 295. 


499 ttwupdrwoa . . 
tion of men in 447. 


. éwapyeua: cf. the condi- 
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500 f. evepbe 5¢ xOovds xexpuupéer’: n. 365. 


xexpuupev’: Prometheus is the revealer of hidden 
things, n. 193. The transition from soothsaying 
to metallurgy is made by the association of 
éwapyeua . . . xexpuppéva: Nestle, 20 f. 


ageAnuata: n. 33. 
502 cidnpor: is used on himself. 
502 f. Cf. nn. 29, 234. 
503 étevpeiv: n. 59. 
504 cay’ oida: n. 227. 


parny gdvoa: As he feels that Ocean did (329, 
342 f.). 


6\wv too is an echo of the scene with Ocean 
(n. 346). 


505 Typical bluntness: cf. nn. 46 and 641. 


wade: n. 273. Cf. 553, 586, 609, 624 bis, 701, 760 
(codd.: ya#etvy Murray), 926. Most of the learn- 
ing comes in the scene with lo. 


506 A proud and self-confident declaration 
)(the mood of 115-127. Prometheus is at his 
best before a sympathetic audience. Cf. nn. 7, 
110 and 477. 


507 Bporois: picks up Bporoiou. 
ayer : cf. 501. 
Ka.pov mwépa: )(év xarpw, 379. 
508 cavrov: n. 474. 
) (Zeus, 


Cf. nn. 247 and 72. 


axnoer : who 


(231 f.). 


was indifferent -to men 


dvervxourros : n. 345. 


509 efeAmis: n. 250. The circumstances of the 


Oceanids’ life make hope easier for them than 
for Prometheus. 


510 Avira:n.27. First of a chain of passages 
on release: 770 f., 785, 873, 1006. 


icxioev: of tyrants. Prometheus found 460s 
preferable to icxis (212). The Chorus dare to 
hope that Prometheus will one day no longer be 
in the power of Zeus (cf. n. 148 on xparéw), though 
he now has less power. Prometheus seizes upon 
the latter phrase in his reply. 


511 re\ecgopos: Prometheus’ woes have a répya 
(n. 100). 
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512 xpava: n. 211. 


nwéxpwrac: is used of the fates of Zeus (518 f.), 
Prometheus (103) and Io (815), which are fixed, 
but not necessarily known. 


pupias: n. 94. 
wnyovais: n. 237. 


513 dias . . 
179. 


xapgbeis: n. 163. 


514 Prometheus’ answer to 508 (Groeneboom). 


Cf. n. 477. 
avayxns: n. 16. 


. beopa gvyyarw: cf. 525, and n. 


515 oiaxoorpoges: The Chorus had supposed it 
was Zeus (149). 


516 'Epwies: Zeus’ justice is like that of the 
Erinyes in the Choé.: Maddalena, 143. Vand- 
vik, 34, considers this one of Prometheus’ 
delusions. 


517 aodevéicrepos: cf. 514. Zeus is as truly in 
the grip of avayxn as Prometheus. Typho (362) 
and Atlas (428) have been deprived of their 
obevos: cf. n. 55. 


518 &giyo: 513,525. Prometheus alludes to 
the affair with Thetis (Schol.). Zeus can no 
more escape his fate than Prometheus, his bonds. 
A new view of Zeus )(50: Pohlenz. In fact, 
however, we know that Prometheus was released 
and that Zeus did not fall. 


519 werpwra: 512, 518. 


xparew: The converse of do@evéorepos (514, 517) 
and ypeiov ioxioeyv (510). 


520 xidoo: Prometheus as a source of knowl- 
edge—617, 744, 963, 988, and cf. n. 505. 


\urape: A womanly characteristic in the eyes of 
Prometheus: 1004. He has an annoying way of 
withholding information: 621)(617, 624, 766, 
776, 963, 984 f. 


521 tvvayréexes : Prometheus hugs his secret. 
g 


523 xapos:n. 507. Prometheus finds that the 
Chorus have violated 6 xa:pés. Their counsel in 
507 annoyed him faintly because it was directed 
against that on which he most prides himself 
(506). 


yeywveiy: n. 193. 


ovyxadurréos: At first sight an odd word in the 
mouth of the revealer, cf. n. 520 and n. 193. But 
Prometheus is concerned not only with the truth 
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to be revealed but also with the right circum- 
stances for his revelations, the xa:pés: cf. n. 20. 
Hence, the suppressions listed in n. 520. Zeus 
has not yet had his affair with lo (which does not 
exist for the audience, since they have not heard 
of it), from which will come Heracles, who will 
help to secure Prometheus’ release (771-774); 
nor with Thetis, whose son will be mightier than 
his father (764-768). Zeus might yet be warned 
by a premature revelation (cf. 313). Once his 
unions with these women have taken place, he 
will have initiated an unbreakable chain of con- 
sequences. By hugging his secret a little longer 


Prometheus will escape. 


524 owfwr: i.e., by keeping this secret safe, I 
save myself: a far different method of salvation 
from Ocean's contemplated pleas (n. 374). 


525 Cf. 513. 


aexeis: n. 93. 


SECOND STASIMON: 526-560 


526 6 wavra véywv: cf. 229. The Chorus never 
question the supremacy of Zeus. 

527 yvrwua: of Chorus )(yr@ua of Prometheus 
at 543 and n. 436, which are self-willed (n. 403). 
The Chorus wish not to oppose Zeus in order to 
avoid Prometheus’ hybris (1002 f.) and his fate. 
The proper use of yvdyr is illustrated by Hyper- 
mestra (867) and in the third stasimon (cf. yrapa 
at 888, similar position in ode). 


528 xparos avrirakov: May mighty Zeus never 
wrestle against me (cf. the amatory wrestling of 
Zeus and lo, whose woes are described partly in 
athletic metaphors; and that referred to by the 
Chorus in 904). The Chorus do not refer spe- 
cifically to marriage until the end of this ode, 
555 ff. They believe Zeus invincible; but cf. 
920-923, where Zeus’ xparos, symbolized by the 
thunderbolt, will find its match. 

529 euvican: n. 36. 

532 adoBecrov: n. 299. 

533 adirouu Adyos: cf. 178-180, 311-324. 

535 éxraxein: cf. 789. 

536 750: Not ayaddv, adnfOés, or cvpeéepor. 

537 Cf. n. 449 and Bacon in CR 42: 117, 1928. 

539 eigpooivas: The joy is but a fantasy (cf. 
n. 314), and reality returns in ¢gpicow. 


540 Cf. 144 ff., 397 ff. 
Sepxouéva : 54, 93, 140, 304, 547, 679, 843. 
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541 yvpios: renews 512. 
dcaxvaropevoy : as in 94. 
542 rpopewv: n. 41. 


543 idia: nn. 403 and 436. téws in the two 
passages brings out the aifadea of both Prome- 
theus and Zeus. 


yvoua: n. 527. 


at8y Ovarois: A paradox. At 937 Prometheus 
advises the Chorus to go on reverencing Zeus. 


Cf. 29 f. 
544 a@yay: n. 72. 


545 dxapis xapis: (codex Tric.): Similar oxy- 
mora in 904. Men are powerless to do favors for 
Prometheus; tyrants do none (985). 


xapis Opp. xdros: Nestle, 31 f., 34. Prometheus 
did favors for men, lo, Ocean and the Chorus 
(782, 821), all of whom are powerless to requite 
him but grateful; and for Zeus, who is powerful 
but ungrateful. In his second edition, Murray 
accepts Headlam’s xapis a xapis. 


546 vidos: See Index, s.v. gidos and gudérns. 


547 ris égapuepiov apniis: Ambiguous. Is there 
any help from mortals, or for mortals? With 
the first sense )(n. 267, and cf. Bacon, loc. cit. 
(n. 537 sup.). The second sense prepares for 
lo’s entrance: Grene in CPh 35: 38, 1940. 


548 ddvyodpaviay: )(xodvrpayyootvn, n. 18, and 
nn. 383 and 393 on Ocean. Only Zeus is truly 
free to act (939). Cf. Odyssey 9.515 f. and Ar., 
Birds 686 f. 


549 icdvapov: and aéd\adv (550) recall 447-449: 
Bacon, loc. cit. 


550 éurerodiopuévov: shackled, like Prometheus 
(74). 


552 Bovdai: Of course, Prometheus is not @varés, 
but the Chorus refer to him as much as to men: 
cf. antistrophe 8’ and verse 219, where we learn 
how Zeus rose to power through Prometheus’ 
Bovdai. It is quite true that in this play Pro- 
metheus’ BovAai are no threat to Zeus’ apyovia: 
cf. 761 f. 


553 tuafov: n. 505., Not all Prometheus’ 
teaching is verbal and conscious: ef. 373 f., 391. 


mpoo.dova’: cf. 144 ff. 
554 rixas: n. 272. 
555 mpocérra: cf. n. 115. 
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557 déxos: The final verses of the ode prepare 
for the entrance of lo, and also look (Thomson) 
to the union of Zeus with Thetis. Aé€xos of Zeus 
and lo, 651: Zeus and Chorus, 895. The mar- 
riage of Prometheus and Hesione is in conscious 
contrast to the union of Zeus and Io: joyous, and 
properly conducted. On the joy, cf. 536 ff. and 
n. 31: Prometheus was not destined to lead a life 
of hope and joy for long. 


ipevaiouv: )(lo’s marriage, 663 ff. 


558 yauwr: n. 764 on the marriages of the play. 


560 mfay dayapra: lo became the dayuap of Zeus 
without persuasion (n. 172), and Prometheus 
expects one of her descendants to aid him in 
overcoming Zeus (n. 6). 


THIRD EPISODE: 561-886 
561 Aebooer: 144. 


562 xadwois: cf. n. 81 on animal imagery. 


Ironic in comparison with 462f. At 672 Zeus 
bridles Inachus. 


xepatouevoy: Of lo in 838. 

564 Cf. 193-195. 
aumAaxias : Question repeated at 620. 
onunvov: n. 295. 


565 yoyepa: 594. Compared to Prometheus, 
lo is sorry for herself. 


Cf. n. 15. 


Cf. n. 112. 


mwerhavnua: Key-word of Io’s whole scene. (Cf. 
n. 275 and 473. Pohlenz (1, 66) contrasts Pro- 
metheus’ fixed position. may used of woe 
(275), once of Prometheus (473), but ten times 
of lo. 


566 xpie: Only of the gadfly (597, 675, 880). 
ai: Compresses a long tale of sorrow into two 


letters. 


rad\avay: is used by Prometheus of himself at 
108, 157, and 469 (cf. radka:wa&pwr at 231 of men) ; 
by Io of herself also at 571; and by Io of Pro- 
metheus at 594. The lots of lo and Prometheus 
are similar. 


olarpos: also 879, to end her scene. 
681, 836. 


567 ynyevois: cf. n. 677. 


Cf. 580, 589, 


568 yuvpwmdv: lo is as much stared at as Pro- 
metheus. Scholia on 503 and 571 call Argus 


xavorrns, making him the equivalent of the 
sun (91). 
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eicopaoa: If goBotwa, which Dindorf and Wilamo- 
witz deleted, were retained, this passage would 
closely parallel gpicow . . . depxouéva in 540. 


569 dd\ov: Io fears Argus, but not Prometheus 
(213), of whose 660s she knows nothing. 


buy’: n. 53. 


$70 Earth will hide living Prometheus at 1018. 
In fact, the two situations are converse: Argus is 
dead but not hidden, while Prometheus will be 
hidden but not dead. 


571 ra\avay: n. 566. 


572 xvwavyei: cf. griffins (803), and Prometheus’ 
eagle (1022); as well as @wicow (n. 277). 


mrava: n. 565. 
573 vnorw: 599. 


rapaXiay Wayupor: lo is raving and imagines herself 
where Argus first afflicted her. This is not the 
only hallucination she has: cf. the eldwdov of 
Argus in 567. Wilamowitz (118) conceives Pro- 
metheus’ rock as towering above the ocean, so 
that the sand would be literally present, citing 
as evidence 583 ; but there Io is calling upon Zeus 
to slay her by means of representative powers 
of nature (cf. 88-92). 

574 dovat: is a synonym of oipryt (Schol.): 
126, 355. 


575 axéras: n. 115. 


imvodéray: Ironic when applied to the buzzing of 
the gadfly, which afflicts lo without ceasing: cf. 
n. 358. Maddalena (145) sees here a reference 
to the pipe that put Argus to sleep. 


576 ig iv: A pun on her own name, n. 15. 
Ajax’s pun on his own name in Sophocles. 


Cf. 


rnderAayxro Aaya: n. 565. 
578 eetevfas: n. 108. 
evpwv: n. 59. 


duaproveay: cf. 259f., 266. Both Prometheus 
and lo admit that they missed the mark; but 
Prometheus erred voluntarily with a definite 
objective in view, while lo knows that she must 
have erred only because she is punished. She is 
passive in her suffering, while Prometheus is re- 
bellious, and in the end (976, 1093) feels that his 
punishment was unjust )(30. lo is a weak 
woman ; Prometheus grows to exult in his sin. 


mnuovaiow: n. 237. 
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580 oicrpnd\arw: For the type of compound, cf. 
148. The sense is illustrated by 681 f. 


detuarc: Even Prometheus is afraid at 127 and 
1090, cf. n. 41. 


581 wapaxorov: When Io can say this, her 
frenzy is abating. Cf. 1056: Hermes calls Pro- 
metheus mad, though he is not; though lo recog- 
nizes that she is mad, Prometheus alludes to her 


insanity only once (848), and then as politely as 
possible. 


582 ff. Cf. 152 ff. lo longs for death; Pro- 
metheus, for concealment, cf. 1018. Io's list of 


the powers of nature is less elaborate than Pro- 
metheus’ at 88 ff. 


583 daxeor: Cf. Andromeda. 
the eagle bite but do not kill. 


éés: n. 251. Zeus’ gifts are as destructive as his 
discoveries (n. 59). 


The gadfly and 


584 eiyuarwy: Prometheus’ prayer (1043-1052, 
1057) is answered because it suits Zeus’ intention ; 
Io’s is not. 


585 rodtwAava mAava: n. 565. Cf. 576, 788, 
820. The compounds of modv- emphasize the 
multiplicity of her sufferings as uup- does those 
of Prometheus. 


586 yeyuuvaxaow: cf. 592 and n. 95. 


ot5’ éxw pabeiv: But she is in the presence of the 
revealer (n. 505). 


587 xnuovas: n. 237. 


588 «Aves: Zeus does not hear her (582 ff.) and 
Prometheus may have indulged in another silence 
(cf. n. 437) after 587 if lo paused there, expecting 
an answer. 


Bovxepw: indicates the costume. 


589 xAiw: picks up xAvees—a device often used 
in the play. 


oiatpodivnrov: cf. 580, 681. 


590 éa\ra: 650. Io’s madness is the conse- 
quence of Zeus’ love (879). 


xeap: On the heart of Zeus, n. 165. 

591 dbwrepunxes: n. 585. 
dpopuous: recalls yeyupvaxaow (n. 586). 

592 orvynros: expresses the obvious conse- 
quences of Zeus’ épws (591). 
mpos Biay: lo is the victim of Bia as are Prometheus 
(74), Hephaestus (15), Typho (353) and Inachus 
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(672). Bia is used unsuccessfully against Zeus 
(208, 357). 380 may indicate that Zeus must be 
softened gradually, not violently overthrown. 


yuuvatera: 586, 591. 


593 zarpds dvou’: Prometheus did not utter her 
own name. From sympathy for her shame? 
Cf. 640 ff., where, however, alcxivoua is a v. |. 
Or was he being formal: cf. Agam. 914? 


594 poyepa: 565. 


595 raX\as . . . radairwpov: lo recognizes that 
she and Prometheus are both sufferers, though 
she does not yet know that they are fellow- 
victims of Zeus. 


érvua: 293. Ocean tries to be to Prometheus 
what the latter really is to lo, a sort of oracle. 
For the gogia of Prometheus, cf. 824 ff. 


596 Gedcvrov: n. 116. Especially appropriate 
because Io’s god-sent affliction causes her to rush 
from place to place: cf. olarpodwnrov (589) 
vogov : cf. 606, 632, 698, and n. 378. 


597 yuapaive : cf. 481, where Prometheus alludes 
to a similar condition in men. 


xpiovea: n. 506. 
xevtpoo.: The same animal imagery was applied 
to Prometheus (323), but he fights back. (Cf. 


Bovray (568) and Bovxddos (677) of Argus; évéefevéas 
(578); and oxprnyuarwv below. 


goaradéoow : cf. ai in 566. 

599 oxprnuarwv: Especially of young cattle, 
as in 675; renewed at 1085 (Dawson, 237). 
vnotiow : renews 573. 
aixeias: n. 93. 


Prometheus. 


600 AaSpocvros: n. 327. Io merely suffers; 
Prometheus AaSpoorouet. Cf. Bedovrov in 596. 


<“Hpas>: The responsibility for lo’s plight is 


assigned directly to Hera, in the first instance 
to Zeus. 


Another parallel between lo and 


601 émxdroo.: Hera is to lo as Zeus is to Pro- 
metheus (162). 


dayeioa: n. 164. Though lo is Zeus’ dayap, her 
descendant will secure Prometheus’ release, thus 
subduing and overthrowing Zeus’ purposes. 


603 yoyovow: Io is more self-centered than 
Prometheus, in whose presence she asks the 
question (cf. 275). She calls herself poyepa at 
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565 and 594. lo’s thoughts are directed chiefly 
to herself; Prometheus is concerned chiefly with 
others: Zeus, mankind and lo. 


604 ropas: Always of Prometheus’ clear utter- 
ances (609, 699, 870). 


336. He had given her 
grounds for believing him a seer: 589-593, cf. 
824 ff. 


606 zafeiv: n. 158. 


605 réxunpov: n. 


unxap: cf. unxos (1020) and répya (n. 100). 
¢vapyuaxor vocov: 249, 475, 480, 596. 

607 deitov: n. 170. 
186. eizep oicfa would sound as a 
challenge to one as proud of his knowledge as 


Prometheus; hence his very full answer to her 
two questions in the order of their asking. 


608 ypafe: Prometheus willingly reveals to Io 
(765, 781, 788, 825, 844), but refuses information 
to Hermes (950, 995). 


dbverdarw: 900. Cf. n. 565. 


ola: n. 


609 ropas: answers 604. 
ray: n. 607. 
pabew: n. 505. 

610 éurdéxwy: At 1079, “entangle in a net.” 
aiviypar’ : 833 and 949. Prometheus asa prophet 
is similar to the Delphic oracle (662 f.). 
athe hoyw: n. 46. 

611 dixaov: n. 9. 
mpos gidous: cf. 225. 

612 xvpds: Emphasized, as in the Prologue. 
dornp’: n. 251. Prometheus answers 561 ff. He 
does not call himself xXerrny (n. 8.). 


épas: cf. 143 ff. He is willing to be gazed at by 
sympathetic friends. 

613 wegéAqua: n. 222. dyedew, first used here 
of a culture hero, becomes common in that sense 
in the Hellenistic period : Skard in SO 27: 11-18, 
1940. 


614 Reiterates 563. On dixn: n. 8. 


615 Prometheus recognizes a change in his 
own behavior, the abandonment of self-pity. lo 
too ceases lamenting when she shifts to iambic 
trimeter. Cf. 43 f., and rabeoOa in 11. 

616 wopos . . . dwpedy: alludes to 612. 

617 Renews 609. 
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618 ohunvorv: n. 295. 
gapayy:: n. 15. 
Sxpacey: n. 5. 


619 Prometheus forgives Hephaestus, recog- 
nizing that he was only the minion of Zeus. Pro- 
metheus is more mellow with Io than in the 
presence of Hermes (975). 


Bob\evza : Zeus plots, but his plots will lead to his 
own undoing (170 and 762): 


620 Renews 614. Cf.112. Prometheus seems 
reluctant to speak of his crime. The Chorus’ 
query at 194-196 was answered only after a long 
digression on Zeus’ ingratitude (197-225); lo 
asks the same question three times (563, 614, 
620), but must be satisfied with 612 and 619 for 
answer—of course because the answer had al- 
ready been given in detail to the Chorus. Verse 
615 supplies Aeschylus with a reason for not re- 
peating himself, and 621 closes the subject. 

621 cagnvicas: n. 227. 

622 répua: reiterates 606. Cf. n. 100. 
mravns: n. 565. 

623 deitov: renews 607. 


Trodarwpw: n. 231. 
624 Cf. 248: Snell, Ph Suppbd. 20: 102, 1928 


pafeiy: renews 609. Prometheus now draws 
back from his repeated promise (609, 617) to tell 
lo everything. Cf. n. 520. 


625 whro . . . xpivps: cf. 501. xpirrw is the 
antithesis to all the verbs of revealing: dcixvum, 
onpaivw, Texuaipw, etc. 


626 yeyaipw: cf. 584. In response to 
pleas Zeus is silent, but Prometheus speaks. 


Cf. n. 170. 


lo’s 
dwphuaros: picks up 616. 

627 yeywrioxev: n. 193. 

628 gbovos: cf. 626, 584. 
éxv@: cf. Hephaestus’ scruples at 67. 


629 xpoxndov: Seems to me to glance at Pro- 
metheus’ benefactions to man_)(Groeneboom. 
Cf. 507 f. 


yAvuxi: cf. 698 and n. 31. 


631 poipay . . . mope: cf. 292. 


jdov7s : picks up yAv«i, but with a different feeling: 
to lo knowledge, however disagreeable, is pref- 
erable to ignorance; the Chorus are prompted 


by innocent, maidenly curiosity. In fact, the 
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Chorus are the only persons in the play who ex- 
perience true jéovq: n. 31. True pleasure seems 
restricted to the gods: 494. 

632 vdcor: cf. 596. 


633 rodvebdpous : 820, 643. 
634 ra A\owa: n. 271. 
aPr\wv : n. 586. 
bidaxOnrw: n. 487. 
635 xapw: n. 545. 
636 The claims of kinship: 14, 289 ff. 


637-639 Prometheus knows from experience: 
136-177. 


640 Io is ashamed to relate her story : 642 and 
n. 593. 


641 f. lo inspired to cagqvaa by Prometheus, 
speaks like Prometheus. cagei . . . yidy recalls 
Prometheus’ arA@ \dyw (610), and cag- is usually 
applied to Prometheus (cf. 621 and n. 227). 
Cf. 609 and 617. 


642 aicxivoua: )(Prometheus at 197 f., 436- 
438. 


643 Gedccvror: cf. 596. 


xeuava:n.562. Dumortier, Vocab. méd., 69-79, 
shows that xejuawv is used in the Hippocratic 
corpus of the onset of epilepsy, and that lo’s 
symptoms are those of epilepsy. That does not 
mean, of course, that Ilo was epileptic in our 
sense, but in the Greek sense: laid hold of by 
a god. 

dicagGopay: n. 633. 

644 mpocérraro: n. 115 and 555. 


645 Sveas tvvxon: The interpretation of which 
Prometheus taught to men (485f.). Cf. 
Nausicaa. 

647 elo pious: nn. 172and173. deioww isin 
contrast with the present situations of both Pro- 
metheus and lo. Zeus’ attempt at rede was 
followed by threats (667-669), as in Hermes’ 
interview with Prometheus. 


648 rapéeveiy: is parallel to rapbevavas in 646. 
Cf. Odyssey 6.33 (Groeneboom). 
yapou: n. 764. 


649 iuépov: )(the saving love of Hypermestra 
at 865. 


Beda: n. 358. 
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650 radar: n. 590. 


651 'rodaxriogs : 


Another animal 
(Schol.). 


metaphor 
Cf. n. 597. 


652 f. Badiv Aeuava: carries on the tone of 
Aeiovgs wiOas (647): pleasant softness. 


654 Aiov dupa: n. 53 and Thomson on 614 f. 


Aweynon wd8ov: cf. 376. The wd6os of Zeus is not 
better in its effects on Io than xéXos. 


655 ei¢povas: Ironical, as édvernvos shows. 
the irony of efda:pov in 647. 


dveipaor: cf. 485 f. 


Cf. 


656 tvvexounv: may glance at their intercourse, 
but LSJ® give this sense first for Aristotle. 


656 f. Cf. Nausicaa. 
yeywveiy: n. 193. 
660 daipoow rpacceayv gita: 10 f. and n. 494. 


662 daonyous: onuaivew is a function of Prome- 
theus as prophet, n. 295. 


dvoxpirws : 458, 486. 


663 tvapyis Batis: cf. caget . . 


. pi6e (641) and 
érapyeua (499). 


664 cagas . . . uvOovpern: cf. 641 and n. 227. 


émoxnmrovea: cf. the commands of Zeus (3, 17, 
40 f.). 


666 agerov: Animal imagery, cf. Thomson ad 
loc. 


éoxaras: Where Prometheus is (1, 418), and 
where lIo’s wanderings will end (846). 


667 mupwrov: cf. groywros and groyay (253, 
498, 791). 


668 xepavvov: n. 372. 

éEaiorwoo : 151, 282 and (of Zeus) 910. 
669 reodeis: Ironical, cf. 647 and n. 172. 
671 axovoay axwv: n. 19. 

éxnvayxate: cf. nn. 16, 108. 


672 xadwos: cf. 562, and the imagery from 
harnessing in the Prologue. 


592. Though Inachus’ intentions 
best (660), Zeus seems to prefer 


mpos Biay: n. 
were of the 
coercion. 


673 Cf. n. 78. 
674 dtvorouw: cf. 424, 803 and the eagle. 
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675 xpicbeic’: n. 566. 


éupavei : Prometheus calls lo mad only once (848), 
though she recognizes her own malady (580 f., 
877-886); Hermes calls Prometheus mad (977, 
1057), though he is not. 


oxiptnuare: n. 599. 


676 jocor: cf. 837. Contrast the mad frenzy 
of lo with the Chorus’ eager impetuosity (n. 133). 


eirorov: also 812. 
supply. 


677 ynyews: as in 567 emphasizes his mon- 
strous nature, cf. Typho (351). 


678 dpynv: n. 80. 

678 f. Cf. n. 568. 

681 oicrpordnt: cf. 878 and 1054. 
682 paorry:: n. 597. 


Greek concern with water 


é\aivoua:: A process begun by her father (670). 
683 f. 6 rc Aoewdv: n. 271. 
onuave: 662 and n. 295. 


oixtigas : 629 and 239. 
compassion. 


lo perceives Prometheus’ 


685 civOadre: Because of her experience with 
Zeus (590, 650) Io is suspicious of being deceived. 


pidas Yevdéow : correspond to the Aco pis of 
647 )(caget . . . piOw (641). 


685 f. Cf. 225. The relationship between 
friends, here and at 610 f., is contrasted with the 
relationship of a tyrant to his subjects. 


690 dvoGéara: 69 of Prometheus. 
dioaora: reveals the Chorus’ sympathy with lo. 


692 augnxa: cf. 5iOnxrov (863). 


Both sym- 
pathy and hate can pierce the heart. 


xévrpw : The Chorus think of the gadfly (597, 682). 
694 id id: as in 576. 


695 zéypix’: As for Prometheus at 540. 
mpai: ra rpaxdevra (683). 


696 f. Prometheus mildly rebukes the Chorus 
for their outburst of sympathetic fear. He does 
so, first because they have interrupted him when 
he was about to fulfill the second of their re- 
quests (631-634), lo having just fulfilled the 
first; and second, because Io is destined to find 
release (706), whence their outburst not only is 
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untimely but will prove inappropriate. This 
double motive for his words is embodied in rpo 
ye orevatas, “you groan too soon,” sc. (1) for 
worse troubles are to come, or (2) for Io's lot is 
not so dark as it appears. Prometheus only 
hints at the second alternative, which becomes 
clear at 807 ff. His first line refers to the 
Chorus’ final two: crevafeas to id iv; gdBov mréa 
to wéygpixa. 

Ta Nowa: n. 271. 


mpocpadys : n. 505. 

698 edidacxe: n. 487. 
rois vosovo.: Prometheus is lo’s physician, cf. 
Hippoc., Prog. 1 (Dumortier 43f.). Verses 
698 f. fit Prometheus too, as mpovtericracOa 
shows (cf. 101). 
yAuxi: as in 629, a bitter pleasure. 

699 dAowdr : 697. 


&dyos : ddy- elsewhere of Prometheus (197 f., 238, 
245, 261, 435, 934). 


Topas: n. 604. 


701 xovgws: As befits dealings among friends. 
Cf. Bapis of Zeus in 17, 77, and n. 685 f. 
pabeiv: cf. 697. 
éxpptere: The desires of the Chorus, arising from 


sympathy (245) and innocent curiosity (283 and 
here) are far different from Zeus’ (n. 233). 

702 aOdov: n. 95. 
word 


étnyouuéevns: A Promethean 


n. 641 f. 
703 ra Xora: n. 271. 


704 “Hpas: 592,600,900. Once Zeus abandons 
lo, she becomes Hera’s victim. 


(214, 446), 


705 ‘Ivaxeov oréppa: He avoids her name, as 
at 589 f. 


706 répyar’: n. 100. 


éxuadps : renews éxdidacxe (698). Cf.n. 505. The 
two compounds with é&- look to Prometheus’ very 
full account of Io’s wanderings, and incidentally 
to his full knowledge (609, 617). 


707-869 On lo’s route see J. L. Myres in CR 
60: 2-4, 1946. 


708 aynporovs: Connotes lack of civilization 
(n. 2). 


712 uh redaveav: n. 125. 
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714f. odnporéxroves . . . XaduBes: suggests Pro- 
metheus three ways: (1) fire makes their réxvn 
possible; (2) Prometheus revealed iron to men; 
(3) cf. 133. 
guratacba : 804. 

716 avnuepa : cf. 462-466. 
oid mpdomdaro: cf. 712. 


717 iBpormy: cf. 82. Perhaps the Araxes 
(Schol.) or the Phasis (Myres, loc. cit.). Cf. 
Herodotus I. 189. 


ob Pevddvupov: cf. 85. 


A true name reveals the 
inner nature: n. 15. 


718 wepacyns . . . repav: The word connotes 
endurance to the end (713, 731, 790). 


ov . . . ebBaros: cf. &Baros, the v. | in verse 2. 
720 iniorov: cf. 5, 421. 

éxguoa pévos: and xporagwy an’ 

Reminiscent of Typho, 366-368. 


avTav 


(721): 


721 daorpoyeirovas: n. 2. 


724 orvyavop’: The Amazons (also mentioned 
415 f.) are the prototypes of the 49 Danaids. 


726 rpaxeia: Io’s route will be as harsh as 
Prometheus’ tormentors (35, 187, 324). 


yvabos : recalls Typho (368), the wedge (64), and 
the eagle. 


727 éx@pdtevos: suggests the Euxine Sea. (Cf. 


716. Indifference to the rights of févo is bar- 
baric, as is the absence of agriculture (708). 
unrpua: alludes to the story of King Phineus’ 
sons (Bacon, quoted by Thomson on 749 ff.). 


728 acpévws: They will assume that Io hates 


men. In fact, she expresses no hatred, nor even 
criticism, of Zeus. 


730 Opacvordayxvws: n. 42. 
731 éxrepay: n. 718. 


732 ddyos peyas: i.e., xAéos, Which Prometheus 
promises lo at 834. 


733 Béoomopos: cf. 717 and n. 15. 


736 ripavvos: n. 222. It is Prometheus, the 
sworn enemy of Zeus, who reminds us that Zeus, 
not Hera (n. 704), is ultimately responsible for 
lo's sufferings. 


737 Biaos: n. 74. 


Ovnrp Oeds : The fundamental antinomy of the play, 
n. 8. 
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738 xpnfwrv: nn. 233 and 701. 


éréppuvev: Reminds us of Zeus’ thunderbolt (668 ; 
992, 1043). 


wravas: n. 565. 


739 f. mixpov . . . yauwr pvnornpos: A fine, 
ironic use of the Odyssey. The ruxporns seems to 
fall entirely on lo; but Penelope's suitors were 
mixpoyayo. to themselves as well as to others, and 
Zeus will one day be forced to relent. Another 
veiled reference to lo’s rehabilitation, cf. 696. 
mixpov: n. 178. 
yapuwr: cf. 648. 


742 lo relapses to the mood of 566,579. Per- 
haps Thomson is right in assigning this verse to 
the Chorus (cf. 694), for 743 f. are similar to 
696 f., Prometheus’ answer to the Chorus’ former 
wail of dismay. 

744 ra howd: n. 271. Prometheus’ words 
suggest that lo’s future is hopeless, but cf. 
n. 696 f. 
ruvOary : n. 520. 

746 dvoxeipepov: n. 562. 
medayos: n. 184. 
bins: n. 179. 


748 :épp’: Suicide would have saved her from 
the wanderings imposed (éréppuper, 738) by Zeus. 
Cf. her longing for death (582 ff.); and Prome- 
theus’ for concealment (152 ff.), transformed into 
a proud challenge (1050 ff., NB. pivee: Prome- 
theus could not commit suicide). 


arigdov rérpas: Cf. Prometheus’ rock. 

750 axnAdaynv: n. 316. 

751 Fits Prometheus, as he points out in his 
reply. 

752 &Odous: cf. 702. 

753 Cf. 1053. 


rempwyeévov : Terpwyern is mightier than Zeus (518). 
754 amad\ayn: 750. 


755 répua: cf. 706 and 257. At 258 Prome- 
theus stated that the end of his sufferings would 
come only if Zeus willed it ; here he suggests that 
his release depends upon the fall of Zeus. That 
possibility, vaguely hinted at in 519f., is kept 
before our eyes through the remainder of the 
play. Cf. nn. 100 and 523. 
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756 é&xxéon: Prometheus conceives Zeus’ fall as 
a violent overthrow (757, 910, 948, 997) analo- 
gous to that of Cronus (210, 912, 957). Prefix 
é&x- suggests the @pévos or tépa of power: 767 and 
nn. 201, 228. 


757 apxns: lo substitutes dpxq for rvpavis, 
since she understands Prometheus to mean that 
Zeus will be utterly overthrown. In fact, if Zeus 
would but abandon rvpapvis, he might retain his 
apxq, a situation envisaged in 190-192 and per- 
haps developed in the sequel. See Todd in CQ 
19: 61 ff., esp. his n. 2, 1925. 


758 fda’: n. 31. 


760 yafeww (coni. Murray): makes a fine ica 
apes toa with éyeyfGa at 157 (Elmsley’s almost 
certain conjecture). 


761 Cf. 171. Perhaps she believes that Pro- 
metheus will do the deed, cf. 83. 


762 airés a’rov: Cf. anadiplosis of eds (n. 29). 
Zeus is his own worst enemy. Prometheus’ at- 
tack on Zeus’ prerogatives will attain final fulfil- 
ment because of Zeus’ own folly. Here, as at 
170, the Schol. identify the SobAevpa as Zeus’ plan 
to unite with Thetis. Zeus and Prometheus are 
plotting against one another: 619, 1055. 


763 onpnvoy: n. 295. 


Bda8n: n. 196. lo is as considerate towards 
Prometheus as the Chorus are. 


764 yayei yauor: yau- occurs 13 times in the 
play. Four marriages are important. (1) Pro- 
metheus’ (558): typifies his former happiness, 
accentuating his present suffering, and shows the 
proper way for a marriage to be arranged; (2) 
lo’s with Zeus (648, 739): the prime illustration 
of the nature of Zeus’ tyranny; (3) Zeus’ in- 
tended union with Thetis (909, 947) : will lead to 
his downfall; and (4) the 50 Danaids’ to their 
cousins (855, 859). All the Danaids but one 
slew their husbands (860 ff.), but Hypermestra 
laid aside @pacos and hate (865 ff.), whence her 
marriage becomes a sort of criticism of Zeus’ 
union with Io and of Zeus’ tyrannical nature in 
general. The role of we#s in (1) and (2), 560 
and 669, likewise illustrates Zeus’ tyranny. 


765 Polarity: n. 116. 
pnrov: cf. 519 ff. and 621. 


767 Paradox: n. 6. A similar paradox (men 
subdued by their dauapres) occurs at 860f. Here 
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the Scholia wrongly identify the dauap as Hera: 
cf. n. 762. 


eEaviorara Opovwy: n. 756. 


769 axoorpogy: n. 750. Zeus, like lo and Pro- 
metheus, would seek to escape his fate. 


770 This verse appears to indicate the course 
of events in Prometheus Unbound: Zeus releases 
Prometheus on condition that Prometheus reveal 
to him what menaces his tyranny (cf. 167-177). 
Such an outcome would be possible only if Zeus 
and Prometheus were reconciled (190-192). 
When Prometheus first refers to these matters, 
his meaning is quite obscure. 


771 6 \vowr: n. 27. 


axovros: lo believes that Zeus’ will is invincible 
and inflexible (cf. 3 f., 17, 34, 40 f., 50, and 324, 
149 ff., 163 ff., 184 f., 333, 376), for she has ex- 
perienced its constraint (671, cf. 19) and knows 
the evil of Zeus’ intentions (651, 738 ; cf. 233 and 
619) ; but Prometheus is convinced that Zeus may 
some day will his release (177, 192, 258 f.). 


772 xpewv: Here and at 997 = rerpwyévy (518 f.) 
and dvay«n (515 ff.). 


773 amwaddatea : cf. 750. 


774 How are the 13 generations to be recon- 
ciled with the 30,000 years of Schol. on 94? 
Thomson (on 800) reminds us that we are not 
supposed to engage in computations while read- 
ing or witnessing a play ; but Todd’s explanation 
(63) seems more satisfactory : viz., the 13 genera- 
tions are, at least in part, divine, not human. 


775 Prometheus, like Delphi (662 f.), has de- 
livered an obscure oracle; and just as a clear 
word was later given to Inachus, so Prometheus 
later (920 ff.) interprets his own oracle, but 
not to lo. 


776 éxpabeiv: 706, 817, 876. 
nre: 262, 316. 


777 She refers to such promises as are given 
at 609-611, 617, 703-706. Cf. n. 520. 


778 Like Delphi, Prometheus prefers an al- 
ternative question: cf. H. W. Parke and D. E. 
W. Wormell, The Delphic Oracle 1: 18 f. on the 
lot-oracle; oracles obviously or probably de- 
livered in answer to alternative questions, 2, 
Oracles No. 11, 24, 25, 51, 53, 54, 56, 61, 65, 67, 
72, 87, 91, 93, 97, 105, 106 (all before the end of 
the Persian War). A transparent device that 
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enables Aeschylus to include in his play all that 
he wishes to. 
bwpnooua, didov, didwu’: n. 251. 

780 ra Nowa: n. 271. 

781 cagnvas: n. 227. 
rov éx\baovr’: cf. 771. 

782-785 The animated, girlish curiosity of the 
Chorus causes them to intervene on behalf of 
Aeschylus’ narrative, as at 631. They use three 
words, innocently enough, that bear a graver 
meaning elsewhere in the play: 
xapv—cf. 985. 


xaps is possible only among 
friends. 


ariwaons—cf. 195, 919. For the Chorus to be 
deprived of an interesting revelation with regard 
to the future would be a slight insult indeed 
compared to those exchanged by Zeus and 
Prometheus. 


roba—cf. 654. 
lecherous eye. 


784 yeywve: n. 193. 

Thy Norhy Travnv: nn. 271, 565. 
785 rov Nioovra: cf. 781. 
786 mpobvpeicd’ : 630. 


évavriwooua.: )(his attitude to 
Hermes, and cf. xobgws (701). 


Innocent inquisitiveness )(Zeus’ 


Zeus, Ocean, 


787 yeywveiv: picks up 784. 
wav: 609, 617, 641. 

788 wodvdovoy: n. 585. 

789 Cf. 460 f. and 535. 

790 wepacns: n. 718. 
nreipov : picks up 735. 

792 wapeioa (Heimsoeth and Murray, ed. 1. 
Ed. 2 reads repa@oa.): Emended by Platnauer in 


Humanitas (Coimbra) 4: 71-75, 1952, to rapeo6a, 
with some improvement to the geography. 


796 otf’ HA\wos mpocdépxerac: cf. primitive man 
(450-453), )(Prometheus at 22 f. and 91. The 
sun is conceived as a great eye (cf. 795). 


796 f. The Phorcydes are untouched by the 
alternation of day and night )(Prometheus in 
22-25. 

799 Bporocrvyeis: Like Zeus (231 ff.). 


800 The Gorgons typify the evils of staring: 
n. 146. 
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802 Bewpiay: n. 302. Io’s later encounters 
with supernatural monsters (790-807) should 
prove more dangerous than her earlier adven- 
tures among uncivilized men, but Prometheus’ 
tone grows less ominous. Here she is a tourist, 
though among disagreeable (évexep7) scenes; at 
814 she becomes a colonizer. The tone changes 
because Io is nearing salvation. 


n. 674. 


axpayeis: Paradox. 


803 dfvordpous : 


xbvas: Hunting dogs—572, 1022; 73, 27 
1041; 835 (caiver). 


804 yidrata: cf. 390, 715. 

807 yy wédafe: n. 125. 
TnAovpoy: n. 1. 

812 eirorov: cf. 676. 


, 393, 


814f. amroxiay . . . xrioa: n. 802. 


réempwra: cf. n. 772. Zeus and his victims are 


all alike dominated by Pepromene. 


815 réxvos: 772, 774. 
816 WedXov re xal dvcedperov: cf. obscure oracles 


at 486, 662, 775, and n. 59. 


817 éravéirdafe: As Inachus did (658 ff.), and 
as sometimes happened at Delphi: e.g., Herodo- 
tus VII.140 f. 


cagas: n. 227. 
éxpavOave: n. 776. 


818 His grim humor suits the tone of 790 ff.: 
nn. 802 and 31. 


819 m . . . Aowdv: 683 f. and n. 271. 
820 yeywreiv: n. 193. 

trodvgbopov mravns: cf. 788. 
821 xapw: cf. n. 782-785. 
822 dos: cf. 778-780. 

nrovyeoGa: At 785. Cf. 617. 
823 av: cf. 787. 

répw’: n. 100. 


823 f. Cf. 447 f. Prometheus has enlightened 
lo as he did primitive man. 


826 rexunpov . . . dodvs: As the Delphic Oracle 
sometimes did: e.g., Hdt. I. 46, 2 ff.; and as 
Prometheus had done on a small scale at 589 ff. 
Cf. n. 336. 
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827 Perhaps this portion of the narrative was 
used in the sequel: Myres in CR 60: 3, 1946. 
Prometheus was aware that prolix discourse can 
be annoying (1001). 


828 répua cay wAavnuatwr: 823 and n. 100. 
Prometheus now adds a portion of Io's itinerary 
that follows 807a. 


830 Awddvqry: Consulted by Inachus (658). 
832 répas .. . 


833 Aauzpas: lo will accept the blaze of pub- 
licity that surrounds her ) (xa@Avor, 582. 


ovdéy ailvxrnpiws: n. 816, and 610, 949. 
834 xrav7: cf. 732. 

dauap: n. 6. 
835 rpogcaiva: cf. n. 803. 


836 oicrpycaca: Driven by the oierpos of 566 
and 879. 


837 tas: 676. 

838 xeuaty: n. 562. 
dpouos : 883 and n. 591. 

840 cagas: 817. Cf. 967. 


éwiorao’: n. 374. 


amorov: So is Heracles (921). 


"lomos : 733 and n. 15. 
841 Another form of xXéos: cf. 834. 
842 onueia: cf. nn. 295 and 826. 


843 dépxerac: The preternaturally clear vision 
of Prometheus is analogous to Argus’ (678 f.), 
but of a higher sort. 


844 ra Nora: n. 271. Prometheus now con- 
tinues where he left off at 815. 


846 éicxarn x@ovds: cf. 1 and nn. 666, 807. 
848 éugpova: cf. 673. 


voluntarily: n. 771. 


Zeus will apparently act 


849 éragav . . . “Exagoy (851): n. 840. 


arapBei: Zeus as a tyrant causes fear and uses 
fear to control his subjects: 898, 932, 960, and 
Cratos’ tone in the Prologue. Here Zeus ap- 
pears to have laid aside his tyrannical character. 
This action may prefigure the release of Pro- 
metheus. On the problem of Zeus’ character 
see T. B. L. Webster in Fifty Years of Classical 
Scholarship, edited by M. Platnauer. On fear: 
n. 41. 


851 xeXavdv: Like the natives (808), cf. 22 f. 
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854 ovx éxovc’: Other evil deeds of constraint 
at 19, 671. 
855 yayor: n. 764. 


858 Onpeiovres . . . Onpacivous : Other metaphors 
from hunting involve dogs (n. 803) and nets 
(n. 263 f.). 

860 @ndAucroyw: A paradox, cf. Clytemnestra. 


By their intended déyapres! 
Thus Zeus’ power will be checked 


861 dapévrwr : 
Cf. n. 6. 
through lo. 


Opaca: n. 42. It is a striking instance of @pacos 
for a woman to kill a man. 


863 diOnxrov: n. 692. 


864 éx@pois: Especially Zeus (972 f.) and ¢f. 
Kirpy in 650. A veiled reference to Zeus’ union 
with Thetis (Thomson). 


865 raidwy iwepos: Probably go together, ‘‘de- 
sire for children,” cf. réée at 869. So Méautis, 
85; Mazon; Rackham in CR 41: 9, 1927; Harri- 
son, 8. iyuepos here leads to good ) (649. 


6éhta: )(173. The story of Hypermestra, told at 
some length, shows how Zeus and Prometheus 
might be reconciled, if Zeus would abandon 
violence (thus renouncing rupayvis), and if Pro- 
metheus too would relent. As Pohlenz (I, 75) 
envisages the denouement, Zeus renounces his 
love for Thetis and becomes a perpetual ruler; 
he renounces his hate for Prometheus and be- 
comes an enlightened ruler. 
mee (n. 172). 


déedkts is a form of 


866 civervov: The story of Hypermestra, be- 
sides its implications for Zeus (cf. preceding n.), 
is a commentary on Zeus’ dealings with lo, as 
the repetitions of iwepos (649 and 865) and Kizpis 
(650 and 864) make clear. 


arauBrvvOncera:: Her sword (863) will lose its 
edge. Cf. n. 311. 


867 yrounv: Of Prometheus (543) and Zeus 
(1003). Prometheus stubbornly goes his own 
way, and Zeus strives to inspire fear (cf. 849). 
Hypermestra could teach them both. 


dvoiv 5é Oarepov : A Delphic choice, cf. 778. 


BovAnoerar: A free choice (Perrotta, 40), which 
reveals her character. Cf. 177. 


868 x\vev: Hypermestra was concerned with 
her xAéos (nn. 841, 241), but chose the better part. 
Prometheus and Zeus would fear losing face if 
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they backed down and exhibited éva\xeca, which 
is less disgraceful in a woman. 


piacgovos: Epithet of Ares in Homer—Bergson, 
i271. 


870 paxpov dAdyou: cf. 827. 
the Supplices trilogy. 


Topas: n. 604. 
871 Opacis: n. 42. 


The paxpds dyos is 


872 x\evos: Links Heracles to the story of 
Hypermestra (xAvev, 868). 


873 dice: is the culmination of a series of 
hints that began as early as 27. 
xpnoyov : Themis too was oracular, cf. 211. 

875 f. Cf. n. 520. 


paxpov Aoyou: 870. The Prometheus Unbound. 


éxuabovoa: n. 776. 
xepdaveis: Recalls 747 and 777. 
877 ff. Exit Antigonus, chased by a bear. 


878 cyaxedos: Medical technical term, echoed 
at 1045. 


gpevorAnyeis: cf. 1054, 681. 


879 yavia: cf. 977 and 1057. Hermes believes 
Prometheus as mad as Io actually is. Her végos 
is pavia, Prometheus’ a6vpia (474), an ailment of 
which his conversation with lo completely cures 
him. 


@adrove’: Intensely and bitterly ironic. Her 
madness is the consequence of Zeus’ love (590, 


650). 


otorpov : cf. 566 (xpie in both places). 
she entered. 


lo exits as 


&péiis . . . &mvpos: A riddle or kenning. 


881 yo8w: At the sudden renewal of her tor- 
ments. Even Prometheus is terrified (1090) as 
he is hurried beneath the earth. Cf. n. 41. 
Naxrite: The animal imagery returns: shying 
(882), whirling wheels, and éw . . . dpduov. Io 
became an animal when she was turned out 
(&gerov, 666) by her father. In the Io-scene the 
animal imagery is concentrated in the lyric pas- 
sages, here at the end and when she first enters: 
562, 568, 572, 578, 597, 599; cf. also 677. 


882 édiydnv: cf. 1085, 1092, where all are swept 
away like lo. 


883 iw . . . dpduov: The metaphor of these 
verses is usually considered to be drawn from 
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racing : cf. 591, 838: but Dawson (238) sees here 
the beginning of a new metaphor, which con- 
tinues to the end of the speech, drawn from a 
boat swept into the shallows, where the oars flail 
the waves in disorder. Might éw . . . dpduov be 


a bridge common to both metaphors: cf. n. 920? 


884 mvebyar: papyw: like é&\iyény (882) is echoed 
at the end (1086 f.). 


yAwoons axparns: One of the usual symptoms of 
divine possession: Dumortier, Vocab. méd., 32 f. 
Prometheus too is yAwoons axparns, but in a 
different sense. 


886 arns: cf. 1072, 1078. 


THIRD STASIMON: 887-906 


887 cogds: This theme, developed here in the 
Chorus’ reflections on Io’s fate, is used again in 
the scene with Hermes (Thomson): 944, 1011, 
1038 f. 


888 yroua: n. 527. 


890 Men and gods are on separate planes: cf. 
737 and n. 8. This verse is condensed in the 
phrase dyads 6 yayos (901). Schol. on 886 com- 
pare the tale of Pittacus that was retold by 
Callimachus, Epigram 1 (Pfeiffer). 


891 rdobiTw diabpuTropévwr : cf. 466. 


895 Moipa: cf. 694. The Chorus are thinking 
of lo’s fate, as is made clear by \exéwr, etc. 


(cf. 651). 
897 mrabeiny: n. 125. 
898 rap8a: n. 849. 


aorepyavopa: Io is like the Amazons (724), and 
the inverse of Hypermestra (cf. avép’ in 862). 


mrapbeviay: Used of the Amazons (416), and of Io 
elsewhere (588, 608, 646, and 648). 


n. 146. 
900 dverdavos: As in 608. 
“Hpas: 704, 738. 


899 cicopac’: 


aXareias rovwv :n. 267. 
lent of dvem7Xavos. 


901 duadds: n. 890. 
902 dvofos: cf. 881 and n. 41. 
déica: n. 182. 


903 [Gear] tows: cf. 591. 
&guxrov Supa: n. 654. The phrase fits Argus too. 


The phrase is the equiva- 
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904 Oxymora, as in 545. 


&xopa: )(the gifts of Zeus (934) with those of 
Prometheus (616, 631, 946). 


906 Chorus have observed the fates of Pro- 
metheus and lo. 
EXODOS: 907-1093 


907 ff. Prometheus angered by the spectacle of 
lo's unmerited sufferings. 


907 aidadn: n. 64. 
908 raravds: n. 320. 


909 yayuor yayueiv: alludes to Zeus’ union with 
Thetis, n. 764. 


rupavvidos: n. 10. 

910 g&ororv: n. 232. 
&Badei: 912 and n. 756. 
On xpava cf. n. 211. 


(So Sikes and Willson.) 


910 f. ica pds ica. 

913 pdx8wv: n. 314. 
éxtpory : nn. 316, 769. 

913 ff. As once before, 216 ff. 


ww: occurs eight times in this play (see Index), 
six times in all the other plays of Aeschylus, 
emphasizing the unique vs. the usual (cf. Morel 
in Bursian, 234: 82). 


dette : n. 170. 
cages: n. 227. 
915 x@ rpérw: cf. 875. 
mpds ravra: defiant or threatening, as at 992 and 
1043; used by Hermes at 1030, and cf. 1000. 
916 Bapoar: n. 42. 


xa0jo8w: sc. on his throne, from which he will be 
ejected—910, 912, and n. 756. 


xrvmas: Destined to be surpassed (923). 
the menacing sounds (n. 115). 


One of 
917 moréds: Since he does not trust his friends 
(225). 


riprvovr Bédos : cf. nn. 358 f., 371. 
thinking of Typho’s fate. 


. wropar’: 910, 912. 


Prometheus is 


919 receiv . . 
aripws: n. 195. 

920 radaorqy: cf. 528. Prometheus refers to 
Thetis’ son, foreshadowed as early as 166. Note 
the series é&Badet (910), Exxirywy (912), receiv 
(919) and wadkaorny. meceiv is where the meta- 
phor shifts from a fall from the throne to a fall 
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in wrestling. The word also fits Heracles, who 
will help to secure Prometheus’ freedom in the 
sequel: i.e., Zeus is fated to be out-wrestled one 
way or another. 


921 airds air@: renews 762. 
répas: n. 352. 


922 «ipnoa: Prometheus associates himself 
with Thetis’ son. Typho fought Zeus’ fire 
(358 f.) with fire (367 ff.) which harmed only the 
Sicilian farmers; here Prometheus has an effec- 
tive revenge in mind. «xpeiocov’ looks at Zeus’ 
xparos : 35, 149 f., 213, 324, 403, 519 (the turning 
point), 528, 937, 939, 948, 955 sim. 149 (because 
Hermes does not comprehend that Zeus’ su- 
premacy is unsure). The xparepais yuorédas 
(167 f.) are a manifestation of Zeus’ supremacy, 
as is Cratos. 


923 xriwor: 916. 


925 f. Why should Poseidon too be attacked ? 
Traditional motif? Scholia suggest because he 
is Zeus’ brother and could help Zeus (cf. 1048- 
1050). Perhaps Aeschylus included him because 
he and Zeus were rivals for the hand of Thetis. 
Or was it because Zeus had attacked Prometheus’ 
brothers? If so, why is Hades not included? 
(Gods afraid to meddle with Hades lest the dead 
swarm everywhere ?) 

926 pualnoera: nn. 10 and 62. 


927 Only under a tyranny is dovAebav (not 
apxecOa) the opposite of dpxev. We are carried 
back to a theme of the Prologue: 16 f., 40 f., 50— 
Snell in Ph Suppbd. 20: 106 f., 1928. 


928 émy\woog: n. 294. 


929 Prometheus prides himself on his pro- 


phetic power. With redeira cf. 511. 


930 xpocdoxay: 988, 1026. The end of the play 
looks forward )(retrospection in the beginning. 
Aeschylus’ very elaborate use of the past, the 
present and the future in this play is discussed 
by Thomson: edition, passim; Aeschylus and 
Athens, 328-330. 


deordcav Znvos: A paradox to the Chorus. 
Titans had hoped to master Zeus (208). 


The 


931 dvcdogwrépous: n. 27. 
movous: n. 267. 
932 rapfeis: n. 849. 


933 In his mood of exultant defiance Pro- 
metheus boasts of what was formerly (753) a 
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cause of grief (Thomson), and fears nothing 
)(127 and 1090. 


934 aGOdov: n. 95. 
adyiw: 197, 238. 
mopa : n. 904. 
935 mpocdoxnra: cf. 930 and 101. 


936 mpocxvvovvres: As before an Oriental po- 
tentate. 
"Adpacreayr : In this play little different from poipa, 
avaykn, Tempwyuevn and -pévov (see Index). 
gogoi: sc. and not merely prophets (Thomson). 
In their mild way the Chorus are critical (n. 62). 


937 Prometheus, stung by their criticism, re- 
torts sharply, as at 392. 


aéBou: cf. 543. 
mpocevxov: Prometheus knows that lo’s prayer 


(584) went unanswered. His own prayer to 


Zeus (1043-1052, 1057) is, in fact, a challenge. 


darre: Prometheus deems the Chorus like their 
father (388, 390, 374) for counselling cooperation. 


kparowr dei: cf. 519. Intentionally ambiguous: 
to Prometheus Zeus, the perpetual ruler, is but 
the present ruler (939). 


938 pédea: cf. 3. 


939 dparw: Zeus at present has the initiative, 
cf. 50 and n. 18. 


Kpateirw: n. 922. 
Bpaxiv and dapdy . . . otk: are Prometheus’ re- 
tort to the uses of wup- (n. 94). 


940 drws Ged: aiPadns, 907 and n. 64. )(177. 
apte: n. 757. 


9041 rpdoxw: cf. n. 36 and Scholia 940. 


942 rov rupavvov rov véov: n. 35. Perhaps Pro- 
metheus implies that what has recently begun 
might presently end. 


943 xawdv: is what one would expect of the 
servant of such a tyrant. 


944 cogiorqvy: One of several references to the 
Prologue in this scene, cf. Thomson on 976 ff. 
Hermes assumes the tone of Cratos (62), but 
Prometheus’ mood is utterly changed. 


muxpas brépmixpov : cf. n. 178 and AaBpooroyei in 327. 
045 étauaprovr’: n. 9. 


Geods Egnuépas : cf. 737. 
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946 ropdvra: ) (Zeus in 934. 

Tiysas: n. 30. 

kverrny: n. 8. 
947 warp: n. 4. 

avuwrye: And Hermes apes him at 1037. 

xoureis : cf. Typho’s fate (361). 

yapuous: Zeus must have heard 907 ff. Cf. 312 f. 
948 aidav: As in 766. 


éxmimre xparous: cf.912. The throne is one mani- 
festation of xparos. 

949 aivxrnpiws: n. 610. 

952 wadOaxivera: n. 79. 


953 ceuvocrouos: Prometheus himself is ceyuvds 
(521 ff.). 


954 imnpeérov: Other insults in 941, 942, 943 
(= ayyedos, cf. 969), 966, 983, 986: Hermes no 
better than a slave! 

955 ven: cf. 939 f., nn. 35 and 942. 
xpareire: recalls 939. 

956 axev6n mépyau’: Zeus and his minions 
imagine that the citadel of Olympus, which 
Typho sought to storm (357), will ever be free 
from woe. Headlam’s emendation (dazep6n), 
which does away with the Castle of Delight, 
seems quite unnecessary: cf. arévOnros in Agam. 
895, Eum. 912, and aré#eaa (emend. Blass) in 
Agam. 429. 


957 dccots: Uranus and Cronus. 


éxrecovras: Ejected from the citadel, rather than 
from the throne (948). 


959 aicxicra: cf. 919. 
960 rapBeiv: n. 849. 
brorrnoceyv: n. 29. 
962 Answers 950 f. 
éyxover: Same stem as dtaxovos (942). 


963 Contrast Prometheus’ treatment of Io and 
the Chorus. 


964 aidadicuacw: n. 64. 


965 cavrév: So Prometheus on Zeus at 762, 921. 


anuovas: n. 237. 


xabwpyuoas: Carries on the metaphor of the storm 


(133 ff., 190, 885 f.)—Mielke, 56. 
966 dvorpatiay: cf. 264 f., 695. 
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967 cagas éricrac’: cf. 840 and nn. 374, 227. 


968 darpevav: Sarcastic reference to 966, but 
Prometheus practices é\evBepooroyia. 


969 mordy: n. 917. 

970 Cf. n. 82. Prometheus feels justified be- 
cause Zeus was guilty of hybris first : del Grande, 
100. Jones in CR N.S. 5: 16, 1955, gives the 
verse to Hermes and puts it after 974, doing 
away with Reisig’s lacuna before 970. 


971 x\:davy: Hermes makes the accusation that 
Prometheus believed the Chorus might make 
at 466. 


972 f. Wish similar to 864. 
973 éxOpois: cf. 67 and n. 388. 
Tdoepe : cf. 118, 157, etc. 


974 éraria: The fault is Prometheus’ own (see 
Index, s.v. airia, airiaya), cf. 762. 


975 ato doyw: n. 46. In his exultant de- 
fiance Prometheus transforms 120 ff. 


976 xafdvres ei: Opposite to dverpatiay (966, 
264 f.); of. xdav (971 f.) and 956. 
éxdixws : cf. 1093 and ) (266-270. 
longer speaks of his ayapria. 


977 x\iw: not ép@, for Prometheus is reduced 
to words (Schol.). 


Prometheus no 


peunvor’: cf. lo, whom Prometheus treated con- 
siderately. 


vogov: n. 378. 

978 Cf. 384. 
orvyew: n. 37. 

979 Cf. n. 42. 
rpaccas kadas: n. 976. 


980 oix éxicrara: To Prometheus Zeus seems 


to lack understanding of much more than Spor. 
Cf. n. 374. 


981 é&édidacxa: Time performs the function of 
Prometheus, nn. 62, 487. On Prometheus and 
Zeus, both as learners (cf. n. 505), see Thomson, 
12; Peretti in Antike 20: 36f., 1944. Verses 
980 f. prefigure Zeus’ reform: Case in CR 18: 
99 f., 1904, quoting a letter of Dissen published 
in 1824 )(Farnell in JHS 53: 47 f., 1933. 


982 swypoveiv: Only other occurrence of cw¢po- 
in the play at 328, but much of Chorus’ and 
Ocean’s advice is directed that way. 
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otmw . . . éwiorara:: Retort to 981 (and 980). 
If time will teach Zeus the meaning of Gyor, it 
will also teach Prometheus owgpootvn. 

983 To be followed by 986, putting 984 f. 


after 978? Platnauer in Humanitas (Coimbra) 
4: 71-75, 1952. 

984 As Prometheus warned him at 963. 

985 rivow’ . . . xapw: nn. 545, 112. 


986 f. A striking example of a common device: 
Prometheus picks up the word ais, but in a 
different sense. 


avoborepos: cf. (62). Hermes, the 
visible representative of Zeus, is given the same 
treatment (981). 


988 zpocdoxas: n. 930. 
reboecIa : 963. 

989 aixop’: n. 93. 
unxarvnu’: cf. 59, 469. 


vwoberTEpos 


990 yeywrnca: n. 193. 
991 yxaracby: n. 58. 
Avparrypra: cf. 148 and the Aiyara of Io (691). 


992 »ddt: Which Prometheus is confident will 
one day be surpassed (922). Cf. 1017. 


994 rapaccérw: Done at 1088. 

995 yrauWe: n. 163. 
dpaca: n. 608. 

996 xpewv: cf. 772, 970. 

097 adpwya: 267. Prometheus’ talk can help 
him no more than men can. 


9098 BeBotX\evTa: ‘‘I have considered the situa- 
tion thoroughly’ introduces the theme of 
evBovdia, which runs from 1012 to 1039. 


999 ré\unoov: nn. 14 and 42. A jibe at Pro- 
metheus’ 6pacos : Prometheus being as he is, dp8as 
gpoveiv would cost him much @paqos. 


parae: n. 36. 
1000 rapotcas: n. 271. 


6pbas ypoveiv : ebBovrAia (1035, 1038). Hermes sug- 
gests that Prometheus, who is devds BodeveoPa 
(cf. 59, 998), give up his Bovdebyara (204, 1055, 
219) and adopt eiBovdia (compliance with Zeus’ 
will) : that is, that he transform himself mentally. 
Cf. lo’s transformation (673). 
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1001 dxXeis: 827. 
parny: recalls the Ocean-scene (293, 329, 342), as 
xi’ shows. Ocean's talk was no more significant 
than the splashing of his own billows. 


twapnyopav: cf. 646. Zeus uses Hermes to work 
on Prometheus as he used dreams to work on Io. 


1003 yoPnéeis: nn. 849, 933, 41. 


Orbvous: Like the Chorus (who might have 
weakened Prometheus: Méautis, 90) and lo. 
Cf. wadaxoyvapwv of Zeus (188). 

1004 Airapjow: n. 520. 
orvyovpevoy : 37, 978. 

1005 yvvaxopipyors : cf. Onrbvous (1003). 

1006 rot ravrds déw: cf. 961. 

1007 Picks up 1001. 

1008 réyyn . . . wadOacon: n. 79. 

1009 f. Taming animals: nn. 4, 81, 462. 
B.avn: Prometheus’ response to Zeus’ Bia. 
pax: i.e., Prometheus beouaxei. 
1011 cgodpivy: On excess, n. 72. ) (982. 
dabevei cogiouar:: Converse of Prometheus’ belief, 
204-213 and n. 62. doGevei is the antithesis to 
Baty and paxn; cogicuar: to evBovdia, which the 
Chorus consider the true wisdom (1038). 


1012 aifadia: cf. 964 and n. 64. 
1013 ovdevds peifov cfeiva: repeat acbevei. 


1014 reofps: The tyrant’s re6e is a thin veil 
for xparos, n. €69. 


1015 yxeuor: cf. 965 and n. 563. 


tpxupia: cf. 746, 1048-1050. This threat may 
have been called forth by Prometheus’ simile 
in 1001. 


1016 dyuxros: cf. 903. 
1017 gdoyi: n. 992. 
1018 zarnp: n. 4. 


xptbWe: As Prometheus wished (152 ff.), and Io 
(582), and as was done to Typho and Atlas. 


1019 ayxadn: n. 350. 
1022 xiwv: cf. 372. 
AaBpws: n. 327. 
1024 &xAnros 
1025 jrap: The seat of xddos, which Prome- 


theus must lay aside n. 370: Finley, 228, and 
before him, Groeneboom on 23 f. 


. . . dacradeds: grim humor, n. 31. 


éxOovnoera : carries on the metaphor of the feast. 
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1026-1029 D. S. Robertson in JHS 71: 150- 
155, 1951, connects these verses with two pas- 
sages in Apollodorus to show that Heracles shot 
the eagle, assumed Chiron’s immortality, and 
Prometheus was released. 


1026 yox8ov: n. 314. 
répua: n. 100. 
mpocdoxa: n. 930. 
1027 d:adoxos: n. 464. 
1028 avairynrov: cf. 453; 91 and 152. 
1029 Taprapov: 154. 
Ba6n: Opposite of his present position, n. 18. 


1030 Boidev’: nn. 1000 and 762. 
must begin to plan in a new way. 


1031 duos: 947. 


1032 Wevdnyopeir : 
(685). 


ériorara: nn. 980-982. 


Prometheus 


Neither does Prometheus 


1033 The érn will become épya. All five oc- 
currences of éros are near the end of the play, see 
Index. Is it because the whole play involves 
unusually little action (cf. n. 977) and now épya 
impend ? 
redec: ) (511-520. 

1034 warrave: 334. 
gpovrife: recalls 1000. 


aiVadiay: n. 64. The burden of the whole speech 
is the contrast between aifadia and edBovdia. 

1035 e’Gouvdias: refers back to BotAeve (1030) as 
dp0as gpoveiy (1000) to BeBoiAevTa (998). Davi- 
son in 7APA 80: 73-77, 1949, sees a reference to 
Protagoras. 

1036 a&xapa: n. 523. Last speech of the 
Chorus before their conversion, of which there is 
no indication. Prometheus lacks the qualities 
that they see in Hermes: Peretti in Maza 4: 
35, 1951. 

1037 aywye: 947. 


1039 mifov: n. 1014. coga, etc. is the basis of 
all the insults to Prometheus’ wisdom, 62, etc. 

1040 «idé7:: Prometheus’ foreknowledge showed 
him the eagle at 124, the upheavals (1016 ff.) at 
992 ff. Cf. 441 f. 
ayyedias : 943, 969. 

1041 Savtev: Strident advice resented at 73 f., 
277, 393. 


macxev .. . xaxas: cf. 976. 
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1042 ovdéy dexées: Prometheus now accepts his 
torments as a natural part of war with Zeus, cf. 
n. 93. 


1043-1052 Prometheus’ prayer (cf. 1075 and 
n. 937). )(582-584. 


1043 pirrécOw: Of the thunderbolt also in 992, 
to which Prometheus’ only counter-weapon is 
words (312, 932). 


1044 duenxns: The relation of the 49 Danaids 
to their husbands (863) represents Zeus’ relation 
to his subjects, and Hypermestra’s conversion 
showed a better way. 


aifjp : The scene of Prometheus’ punishment (88, 
1092). 


1045 cyaxéhkw: n. 878. Another of the many 
parallels between Prometheus and Io, n. 1. 


1046 aypiwr avéuwy : 884, 1085 f. 


1048-1050 assume that Poseidon will cooper- 
ate with Zeus, cf. 924 f. 


rpaxei: n. 35 and cf. 726. 


Nature is rpaxis when 
working for Zeus. 


1050 f. xeXavdv Taprapor: cf. 1028 f., and) (the 
tone of 152 ff. 


pivee: 748. 
1052 avayxns . 
1053 Cf. 933. 


1054 ygpevord\nxTwr: n. 
theus. 


lo and Prometheus again. 
. . divas: n. 108. 


878. lo and Prome- 


1055 BovAebyar’: It is clear to Hermes that his 
advice (1034 f., 998-1000) was not heeded, as 
Ocean’s was not (387). 


1056 rapamaiey: 581. 
1057 eix7n: 1043-1052. 


xadk@: Foreshadows Prometheus’ release (n. 58). 


panav: cf. 879. The parallels between Io and 
Prometheus are especially abundant in the clos- 
ing lines of the play. 


1059 ovyxapuvovoa : cf. 414. 


1061 7Aimwon: Hermes warns the Chorus of a 


fate similar to lo’s (673), as the next verse 
proves. 


1062 yixnu’: cf. 1082, the lowing of cattle. 
Dawson detected this parallel )(Mielke, 89. 


arépayvov: Thunder is the manifestation of Zeus’ 
wrath (190). 
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1063 f. Hermes’ arts of rem have failed. The 
Chorus are suddenly converted, like Hyper- 
mestra, so that Zeus and his minions are alone 
against the world: Maddalena, 151f., n. 13. 
Chorus now (unlike 526f., 904f.) have the 
courage to do the right (1066). Hermes was 
urging Prometheus to this type of courage at 999. 


meioas: cf. 1014. 


1065 f. What finally converted the Chorus was 
Hermes’ use of a threat when he was pretending 
to persuade. 


1068 xpodéras: They absolve Prometheus of 
the charge of treachery, n. 38. 
1069 vdcos: cf. 685 f. 


1069 f. )(225. 
disease of tyrants. 


1072 arns: cf. lo (886), who was hunted by 
Argus (572). 


Chorus are repudiating the 


Onpabeiom : starts the image of birds caught in a 
net (axpéorroy rjya, dixrvov): Thomson. Cf. lo 
(572), Danaids (858); but Argus the 
Aegyptiads met violent deaths. 


and 


1074 f. Zeus uses some of his insincere redo 
first : cf. 669, 1014-1025. But Zeus may himself 
be moving towards his ampoorroy (contrast Pro- 
metheus) rnya. Cf. 680. 


1075 f. airai . . . airas: Of Zeus at 763, 921. 
eliviac: classes them with Prometheus (1076). 
Voluntary choice, cf. 1067. 


1078 axrépavyrov: suggests Tartarus (153). In 
his 2nd ed., however, Murray prefers aréparov, 
the reading of M. 
dixrvoy: 181, 263, and n. 1072. 
join Prometheus in the net. 


arns: 1072. 


They voluntarily 


1079 éurdexOnoeo’ : carries on the net-image. 


avoias: Hermes, offended by Prometheus’ taunt 


(987), classes the Chorus with Prometheus 
(1054-1057). 


1080 épyw xoixéri piOw: n. 1033. 


1081 cecadkevra: Ship at sea, storm-tossed? 
(Dawson, 238.) Cf. n. 965. 


1082 yxo: n. 115. 


mwapauvxara: n. 1062. 
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1083 @xxes and eiXiocovew (1085, 1092) ; cf. 882. 


1085 oxpra: cf. 599, 675. 
1085 f. dvéywv mvebyara: cf. 


1087 ocraow: 200. 
1088 Fulfills 1048-1050. 
1089 jim}: ) (126. 


1090 ydBSov : Prometheus reverts to the mood of 


115-127. 
gavepas: )(Aabpaiws at 1077. 


884. 
reminiscences of Io’s fate pointed out by Dawson. 
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1092 aidip: cf. 88. 
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Prometheus ends as he 


began; so Io, 877 ff. 


All these 


1093 More concentrated than 88—95, for Pro- 
metheus is pressed for time. 


éxdtxa: like édixws (976) shows Prometheus’ in- 


creased 
)(112, etc. 


confidence 


in his own righteousness 


Prometheus is now as sure of the 


justice of his position as his opponents were of 


theirs at 30. 


macxw:n. 159. 


Cf. 92; but the doubt of 98-100 


is in a fair way to being removed. 


INDEX OF SOME IMPORTANT WORDS USED IN PROMETHEUS BOUND 


A 


&Bporos (e Scholiis) : 2. 

a&yav: 72 (with pnéér), 
(with und’), 544. 

ayeirwv : 270. 

ayxadn : 1019. 

&yvayrros: 163. Cf. yraurtw, xaprrw. 

&ypws : 175, 368, 1046. 

a@ypiws : 155. 

&ypumvos: 358. Cf. dvmvos. 

ddapavrivos: 6, 64. Cf. dap-. 

aédapavrédseros: 148, 426 (seclusit Heim- 
soeth). 

adnpiros : 105. 

*Adpaoraa : 936. 
and ale: 26, 42, 162, 428 (del. 

Hermann), 519, 645, 937. 

dexys : 97, 472, 525, 1042. 
seqq. 

aférws : 150 (Bentley). 

GPrebw : 95. 

&OXov : 257, 262, 634, 702, 752 

abupéw : 474. 

“Avdns : 152, 236, 433. 

aiBépios : 157. 

aiémp: 88, 125, 280, 394, 
1092. 

and 
decks. 

aixifoua : 168, 195, 227, 256. 

alxiopa : 989. 

aipbdos : 206. 

alvypua: 610. 

aivixrnpiws : 833, 949. 

aimuparns: 18. Cf. iy-. 

&ioros: 910. Cf. “Ardns. 

duoréw : 151, 232. 


180, 318, 
Cf. diav. 
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Cf. ebayxados. 


dei 


Cf. aixeia et 


, 934. 


1044, 1088, 


aixeia aixia: 93, 177, 599. Cf. 


Cf. bod-. 


Cf. taioréw. 
aicxbvoua : 642 (v. 1. for ddépouac). 
airia : 226, 330. 
airiawa: 194, 255. 
alrwos : 47. 
a&xa:pos : 1036. 
G&xeopa : 482. 
&xos : 43. 
axparns : 884. 


Cf. érattidw. 


Cf. xacpés. 
Cf. gappaxor, voo-. 


&xparos : 678. 
axpiBas : 328. 
axpos : 142, 366. 

axwv: 19 bis, 277, 671 bis, 771. Cf. 

exw. 

GA\dopa : 666. 
adétnua : 479. 
154. 


Cf. 
Cf. 


&xeopa, &xos. 

&dutos : ducexXttws, dicdvTos, 
Abw. 

aduapravw : 260 bis, 

dpapria: 9. 

aunxavos: 59. Cf. unxarn, unxarnua. 

dpoxGi: 208. Cf. udx6os. 

aurdaxnua : 112, 386, 620. 

dGumdaxia : 564. 

augaxns and dyughxns: 692, 1044. 
5iOnxros. 

a&uyiBrnorpoy: 81. Cf. dixrvov, gumdéxw. 

avay«n : 16, 72, 105, 108, 514, 515, 1052. 

avadxis : 868. 

Gvat: 584. 

avacow: 202. 

avhporos : 708. 

a&vOpwros : 445, 501. 

avoa: 1079. 

avous: 987. Cf. vw6ns. 

dvrimados: 528. Cf. radacorgs, radaun. 

avth\éw: 375. Cf. awavthiw. 

a@vwya : 947, 1037. 

avwegedhs: 33. Cf. dgedréw, etc. 

aradAayn: 316, 754. 

amradX\aoow : 471, 750, 753. 

arxapSrdtvw : 866. 

aravOpwros : 20. 

amwavthéw: 84. Cf. ave. 

amrapauvOos: 185. Cf. dvorapairnros. 

amrépavtos : 153, 1078. 

a&mdaros: 371. Cf. wedafw, wédas. 

am dois : 46, 610, 975. 

a&rodtipoua : 637. 


266, 578. 


Cf. 


Cf. aravOpwros. 


\(apegaxns, 5inxros. 
Cf. &vOpwros. 


Cf. ddbpopac. 
azoxXaiw : 637. 
amoXaxriftw : 651. 
a&moovdaw : 171. 
apiyw : 267. 
apnits : 547. 


Cf. Naxrife. 
Cf. ovAaw. 


apyovia: 551. 
&ppnxtos : 6. 
apxw: 199, 203, 927, 940. 
dpwyés: 997. Cf. apryw, apnits. 
a&onuos: 662. Cf. onpuaivw. 
aoGerhs : 514, 517, 1011. 
a&opevos : 23, 395. 
acow: 676, 837. 
acTrepyavwp : 898. 
dorpoyeitwy: 721. 
avOpwros. 
arapBns : 849. Cf. rapBew, gos-, agoBos. 
arépauvos : 190, 1062. 
areprns : 31. 
ariatw : 207, 783. 
aripws : 195, 919. 
G&ro\wos: 14. Cf. @pagos, rorya, To\paw. 
aidadns : 64, 907. 
aidadia : 79, 436, 1012, 1034, 1037. 
aidadiioua : 964. 
ab’dH : 122. 
aurvos : 32. 
a&yeros : 666. 
a&goBos: 902. Cf. arapBas. 
&guxros : 903, 1016. 
axpeios : 363. 


Cf. cbévos. 


Cf. rpocgoow, iigoow. 
Cf. crépyw. 
Cf. 


ayeitwr, an- 


Cf. &ypurvos. 


Cf. evyyavw. 
Cf. parny. 


B 


Bapis: 17, 77. )(&\agpés, 
Bédos : 358, 371, 649, 917. 
Bia: 15, 74, 208, 353, 357, 380, 592, 672. 
Brafoua : 1010 

Biaos : 737. 

Bios : 449, 537. 

BdaBn : 763. 

Br\arrw: 196. 

Boaw : 431. 

Bovxddos: 677. Cf. Bobrns. 

Bob\evpa : 170, 619, 762, 1055. 

Bovdelw : 204, 998, 1030. 

Bovdy : 219, 552. 

Bobrouar : 867,929. Cf. (QOaw. 
Botrns : 568. Cf. Bouxddos. 

Bpaxis : 505, 939. 


Kwyos. 
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Bpovrh: 923, 1017, 
Cf. xepavr-. 
Bpévrnya : 993. 
Bpéreos : 116, 765. 
Bporés: 21, 30, 111, 123, 231, 235, 251, 
442, 470, 506, 507, 612, 841. 
Bporoorvyys : 799. 


1045, 1062, 1083. 


yapérns : 897. 

vyapuéw : 764, 909. 

yauos : 558, 648, 739, 764, 855, 859, 893, 
901, 909, 947. 


yeywra: 193, 523, 657, 784, 787, 820, 
990. 

yeywvioxw : 627. 

yépas : 38, 82, 107, 229, 439. Cf. rips. 


yryverns : 351, 567, 677. 

yndé» : 156 (Elmsley), 760 (Murray). 

yeyva@onw : 51, 104, 293, 309, 377. 

yAuxts : 629, 698. Cf. #6-. 

yiaooa : 78, 319, 329, 884, 889. 

yvabos : 64, 368, 726. 

yrauprrw: 995. Cf. &yvaprros, xaurrw. 

yraun: 287, 456, 527, 543, 867, 888, 
1003. 

yrwpiftw : 487. 

yupratw : 586, 592. 

yuvaixopipos : 1005. 


Cf. &0d-, Spdyos. 
Cf. @ndjivous. 


A 


daipwy : 85, 199, 229, 494, 660. 

baxpu : 638. 

daxpvor : 146. 

baxpucioraxros : 399. 

bayap: 560, 767, 834. Cf. ddap-. 

daurvnu and dayatw: 164, 426, 601, 861. 

bar7tw : 368, 437. 

béca: 182, 902. 
seqq. 

deixvuss : 170, 458, 482, 607, 623, 914. 


Cf. arapBns, Seiwa et 


detwa : 580, 691. Cf. dédca. 
bepaivw : 41. 
davds: 39,59. Cf. deca. 


déuas : 146, 363, 1018, 1051. 

dépxopar : 54, 93, 141, 304, 540, 547, 679, 
843. 

deopdrns : 119. 

deordtw : 208, 930. 

dcappaiw: 236. Cf. parornp, paiw. 

b:aoow: 133. Cf. aoow. 

bcaropos : 76, 181. 

b5aoxados : 110, 322, 373, 391. 

bidaonw : 10, 196, 382, 634. 

bidwyu : 9, 339, 446, 583, 779, 780, 822, 


826. Cf. dwpaa et seqq. 
5ifyxros : 863. Cf. dupaxns. 
bixasos: 188, 611. Ch. exdux-. 


bin : 9, 30. 
dixrvov: 1078. Cf. ayeiSdnerpovr. 
dvopifw : 440, 489. 


bédcos : 549. Cf. aipidos. 
5ddos : 213. 

dévat : 574. 

dornp: 612. Cf. didwu. 
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dovAciw : 463, 927. 

dpéyos: 591, 838, 883. 
aO)-. 

dvoadwros : 166. 

bvoexdbrws: 60. Cf. &dvros. 

ducebperos: 816. Cf. edpioxw. 

bvoGéaros : 69, 690. Cf. Béa, Oéaya. 

Buoxheds: 241. Cf. xdéos, xdivs. 

dboxpiros : 458, 486. 

bvoxpirws : 662. 

Soedoyor: 931. Cf. tether. 

dbodvros: 19. Cf. &dvros, dveexdirws. 

bvoerapairnros: 34. Cf. arapapvbos. 

déordavos: 608, 900. Cf. wravdw et 
seqq. 

dbiororpos : 119, 198. 


Cf. yuprato, 


bvoréxpapros: 497. Cf. rexpaipw. 

bvoxeiwepos: 15, 746. Cf. xepata, 
xe. 

dwped : 338, 616. Cf. didape. 

bwpéw : 251, 778. 

dapnyua : 626. 

E 

éaw : 332, 384. 

éyxpargs: 55. Cf. xpar-. 

pa: 201, 389. Cf. @pdvos, &Badrw, 
&wirTw. 


Wow: 177, 1067. Cf. Bobropas, B8us. 
eiNioow: 138, 1085, 1092. Cf. Xdivydnr, 


Aue. 
&BadrAw: 201,910. Ch. &rirrw. 
&éibaoxw: 698, 981. Cf. &parParw, 
bdacx-. 


éxdexos : 1093. 

éxdixws : 976. 

é&xadirrw : 193. 

éxxvdXiviw : 87. 

éxAvors : 262. 

é&Abw : 235, 326, 339, 781. 

&parOavw : 254, 706, 776, 817, 876. 
&dibaokw. 

é&wepaw: 713, 731. Cf. repdw. 

&rixtw: 756, 757, 948, 957, 996. 
&Badrw. 

é&xrirvw : 912. 

&rdnoow: 134, 360. 

&geiryw: 518. Cf. pvyyarw. 

&guyyarw : 525. 


Cf. bux-. 


Cf. 


Cf. 


éxaow : 218 bis, 266 bis, 854. Cf. axwv. 
\agpés : 125, 263, 279. )(Bapis. 
haves: 246. Cf. mre. 

edeiGepos : 50.) (Sovd-. 


Xev8epocropéw : 180. 

eAlyiny : 882. Cf. eidioow. 

Quvia: 53,529. Cf. rpdxis. 

AcE: 1083. Cf. cidicow, diyiny. 

zis : 250, 259, 538. 

éupargs : 675. 

éutréxw : 610, 1079. 

fveyu : 224, 382. 

evfeiryvus : 108, 578. Cf. t(evr-. 

ttaioréw: 668. Cf. “Avdns, diorow. 

étapapravw: 945, 1039. Cf. apaprarw, 
adpapria. 


tedatyw: 670. Cf. &BadAAW, E&xiaTw. 
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eEevpioxe : 
ebpicxw. 

dnytouan : 214, 446, 702. 

éwarriraw: 974. Cf. airia et seqq. 

éravayxatw: 671. Cf. dvaynn. 

érapyeuos : 499. 

érBwioow: 73, 277. Ch. Owioow, xiwr. 

érixoros : 601. 

éruxérws : 162. 

éricrapa: 265, 374, 840, 967, 980, 982, 
1032. 

éxcriunris : 77. 

éxtxadaw : 179. 

éxcxapys : 160. 

éwixapros : 159. 

éxérrns : 299. 

éxos : 932, 980, 1033, 1055, 1065. 

éxdovupos : 300, 733, 850. Cf. Pevdwvup-. 

épnuia : 2. 

épnuos : 270. 

Epws : 591, 903. 

écavayxatiw: 290. Cf. travayxatw. 

écopaw and eicopaw: 141, 146, 184, 244, 
245, 246, 427, 568, 695, 800, 899, 
941, 1093. 

écxaros : 418, 666, 846. 

ebayxados: 350. Cf. &yxadn. 

ebBovdia : 1035, 1038. Cf. Bovdrev-, BovAy. 

eiypa: 584. Cf. ebyh, rpocebxopuat. 

eOivw : 287. Cf. iwetOuvos. 

eivoa : 446. 

ebribhs : 333. Cf. wed-. 

edpioxw : 59, 249, 267, 468, 475, 578, 922. 

ebxn: 1057. Cf. ebyya. 

égnuépros : 547. 

éghwepos : 83, 253, 945. 

égopaw: 958. Cf. tcopaw, dpaw. 

éxOaipw : 975. 

éx@pa : 388, 492. 

éxOpdtevos : 727. 

éxOpés : 37, 67, 120, 158, 864, 973, 978, 
1042 bis. 


96, 460, 469, 503. Cf. 


Cf. xadaw. 


Z 


feiryAn: 463. Ch. &tebryrum. 
Sebyrvum : 462. 


tvyor : 462. 

H 
Hdopar : 758. 
Hdovh : 261, 494, 631. 
Hobs : 536. 


Hdvos : 22, 25, 91, 707, 791, 796, 808. 
hap: 1025. 

Axéerns : 575. 

#x@: 115, 133, 1082. 


e 


Baxéw: 313, 389. Cf. &BadAXW, EKiwTw. 
Oaxos : 280, 831. 

Oadrrw : 590, 650, 879. 

Géa : 241. 

Béapa : 69, 304. 

Gedyw : 173, 865. 
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Ow: 118, 201, 308, 321, 343, 346, 504, 
651, 667, 783, 818, 940, 1028. Cf. 
Hw. 

Geds : 9, 29 bis, 14, 37 bis, 49, 82, 92 bis, 
119-120, 156, 160, 203, 222, 310, 
354, 404, 427, 439, 529, 736, 737, 
859, 903, 913, 940, 945, 954, 960, 
975, 1027. 

Ge60(e)vros: 116, 596, 643. 
ouros. 

Bewpew : 302. 

Gewpia : 802. 

Oewpds : 118. 

Onyw: 311. Cf. dinxros, aupaxns. 

Omrbvous: 1003. Cf. yuvarxdpcpos. 

Onpaoua: 109, 1072. 

Onpacipos : 858. 

Onpeiw : 858. 

Ovnrés : 8, 38, 84, 107, 239, 248, 
464, 498, 544, 552, 613, 732 

O@pacos : 42, 861. 

O@pacis : 178, 871. 

Opacverhayxvws : 730. 

Opnvaw : 43, 615. 

Opjvos : 388. 

O@pévos : 228, 767, 910, 912. 

Owiioow : 393, 1041. Cf. trBwiioow. 


Cf. \aBpé- 


laoupos : 475. 
larpés : 378, 473. 
Tos : 403, 543. 
twepos : 649, 865. 
loxiw : 510. 


K 
xabéfouac: 229. Cf. Bax-. 
xaOnya : 916. 
xavds : 943. Cf. véos. 
xaipés : 379, 507, 523. 
xadbarw: 220, 582. 

)(see and look. 
kaurrw: 32, 237, 306, 396, 513. 
yrayrrw. 
xaprepés : 207, 212, 923. 
Karaunviw : 175. 


Cf. &xacpos. 
Cf. &xadirrw, and 


Cf. 
Cf. xpar-. 


xaroxvéw: 67. Cf. dxvéw. 

xéap: 166, 185, 245, 379, 390, 437, 590. 
xeX\ebw : 73, 1066. 

xévrpov : 323, 597, 692. 

xepavvos : 1017. 

xepavvds : 359, 372, 668, 922. 

xiva@iopa : 124. 
xivvypa: 157. 
xupxow : 74. 
krevés : 834, 872. 
kXérrns : 946. 
kAérrw : 8. 
kXoraios : 110. 
xorpavéw : 49, 958. 
xouracua: 361. 
Kopméw : 947. 
xouros : 1031. 
xobgws : 701. 
xpaivw : 


Cf. Xagpés. 


Cf. XAagpés. 


211, 512, 911. 
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xpara.ds : 428. 

xparepés : 167. 

xparéw : 35, 149, 213, 324, 519, 937, 939, 
955. 

xpatvoros : 216. 

xparos: 527, 948. 
12. 

xparivew : 150, 403. 

xptrrw : 501, 625, 1018. 

xrbmos : 133, 916, 923. 

xuvayéw : 572. 

xbwy : 803, 1022. 


As a proper name, 


AaSpooropéw : 327. 

AaSpdcuros : 600. 

AGBpws : 1022. 

Aaxrifw : 881. 

Aaumrpas : 833. 

Aarpeia : 966. 

Aarpebw : 968. 

Aevpds : 369, 394. 

Aeboow : 144, 561. 

Aéxos : 557, 651, 895. 

Aewpyds : 5. 

Apyw: 165, 340. )(aei. 

May: 123, 1031. Cf. ayar. 

Aerapew : 520, 1004. 

howrds: 476, 634, 684, 697, 699, 703, 
744-745, 780, 784, 819, 844. 

dua : 691. 

Avparrhpwos : 991. 

dyn : 148, 427. 

idooa : 883. 

iw : 510, 770, 771, 785, 873, 1006. 

Aweaw : 27, 376, 654. 


Cf. Bedcur0s. 


Cf. amodaxrifw. 


Cf. dbeXo¢os. 


M 


paivouar: 917. Cf. pavia. 

paxap : 96, 169. 

padaxoyrapwr : 188. 

padOaxitw: 79, 952. 

padOacow : 379, 1008. 

pavOavw: 62, 273, 505, 553, 586, 609, 
624 bis, 659, 701, 760, 926, 1068. 
)(bdaoxw. 

pavia : 879, 1057. 

papaivw : 597. 

paorrt : 682. 

paoxadiornp : 71. 

paras : 329, 999. 

pardaw : 57. 

parnv : 36, 44, 293, 342, 447, 504, 824, 
1001, 1007. 

pbappotw : 309. 

perlyAwooos : 172. 

peréxw : 331. 

paxos : 1020. 

unxavy : 206. 

unxavnua : 469, 989. 

unxap : 606. 

pvnorhp : 740. 

poryepés : 565, 594. 

poyéw : 275, 603. 

péovapxos : 324. 


Cf. paivowac. 
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poxOnua : 464. 

poxos : 99, 244, 314, 383, 541, 756, 913, 
1026. Cf. dpox6i. 


pixnua: 1062. 
puprerns : 94. 
pbpros : 512, 541. 
pupwords : 568. 


Cf. wapauvxdouac. 


N 
vexpodey pwr > 153. 
veofvyns: 1009. Cf. f(e)vy-. 
véeov (advb.) : 35, 389, 955. 
véos : 96, 149, 170, 233, 310 bis, 439, 942 
955, 960. 


veoxpos : 150. 
yn\eas : 240. 
yndqs : 42. 


vowos : 150, 403, 575. 

vooéw : 378, 384, 698, 978. 

voonua : 225, 685, 978. 

vooos : 249, 384, 473, 478, 483, 596, 606, 
632, 924, 977, 1069. 

pwns : 62. 


Cf. avous. 


tvvacxadaw: 162. Cf. cvvacxaraw. 


oO 

olaxovopuos : 149. 

olaxoorpogos : 515. 

ola: 186, 288, 328, 441, 451, 504, 607, 
640, 824, 915, 1040, 1076. 

olxritw : 68, 684. )(vynre. 

olxripw: 353. 

olxros : 239. 

oicrpaw : 836. 

olorpndaros : 580. 

oiarpodivnros : 589. 

oiorpor\nt : 681. 

olorpos : 566, 879. 

éxvéew: 628. Cf. xaroxvew. 

éxprdes : 281. 

éxpis : 1016. 

dd\vyobparvia : 548. 

édods : 554. 

dupa: 69, 356, 569, 654, 795, 882, 903. 
Cf. boce. 

dtimpwpos : 424. 

étbarouos : 674, 803. 

ératw: 8, 30, 252. Cf. didwu, dwpeca. 

dpaw : 69, 70, 92, 119, 238, 259, 307, 323, 
352, 382, 438, 612, 674, 758, 896, 906, 
951, 973, 997, 998. Cf. éopaw, 
épopaw. 

épynh : 80, 190, 315, 378, 678. 

ép86Bovros: 18. Cf. Bovdev-. 

ép800r adnv : 32. 

déppaw : 337, 393. 

bace: 144, 399, 679. 

éxpatw: 5, 618. 


Il 


mayxparhs : 389. Cf. xpar-. 
mwayos : 20, 117, 130, 270. 
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waka : 314. 

rahaeorhs : 920. 

wahapn : 166. 

wavérrns: 91. Cf. dpa. 

wavrexvos: 7. Cf. réyvn. 

rapaviw : 264, 307. 

mapaxoros: 581. Cf. raparaiw. 

mwapapuxdoua:: 1082. Cf. wixnya. 

mwaparaiw: 1056. Cf. rapaxoros. 

wapem (be present): 26, 47, 98, 271, 
314, 321, 375, 392, 471, 760, 818, 
1000. 

rape: (pass by): 792 (emend. Plat- 
nauer). 

Twapryoptw : 646, 1001. 

waccaheiw: 56, 65, 
waco aheiw. 

wacxw : 92, 158, 238, 472, 606, 614, 625, 
751, 759, 976, 1041, 1067, 1093. 

rarnp : 4, 17, 40, 53, 140, 531, 593, 636, 
653, 656, 768, 910, 947, 969, 984, 
1018. 

rida : 6, 76. 

weiOw : 204, 225, 274, 333, 560, 669, 1014, 
1039, 1064. Cf. ebribas. 

wedd: 172. 

wedafw: 155, 282, 712, 807, 897. 
&rXaros. 

rédas : 125, 335, 798. 

wepaw : 572, 718 bis, 790. 

repoods : 383. 

Tepiocoygpwr : 
Twrppovew. 

wérpa: 4, 31, 56, 147, 242, 269, 748, 968. 

xypa: 99, 103, 263, 316, 413, 442, 472, 
691, 745, 754, 1075. 

wnpairw : 334. 

anporh : 237, 276, 306, 346, 471, 512, 
578, 587, 965, 1000. 

xnpootrn : 1058. 

muxpés : 178, 739. 

mupa@s : 195, 944. 

wimxtw : 474, 478, 919. 

wavaw : 275, 473, 565, 57 

mhavn : 576, 585, 622, 738, 

whavnua : 828. 

rq : 49, 50, 63, 234, 258, 519, 770, 914. 

mvevpa : 884, 1047, 1086. Cf. aveuos. 

ro0ew : 785. 

3600s : 654. 

rouxidos : 308, 495. 

wowh : 112, 176, 268, 564, 620. 

rondbvéovos : 788. 

wodtrXavos : 585. 

rodvigGopos : 633, 820. 

rovéw : 44, 342, 343 bis. 

révos : 46, 66, 75, 84, 118, 183, 267, 282, 
298, 326, 339, 425, 615, 684, 749, 776, 
780, 872, 900, 931, 1027. 

wop- : 
éxopor : 108, 616, 631, 934, 946. 
rerpwyern : 103, 518, 753. 
wémpwra: 512, 519, 815. 

wopraw:61. Cf. rporxoprarés. 

rots : 263, 279, 712. 

xpayua : 971. 


113. Cf. xpoo- 


Cf. 


Cf. t&wepaw. 


328. Cf. Gyar, Kiar, 


Cf. iwéprixpos. 
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mrpaits : 695. 


mpacow : 75, 265, 457, 660, 672, 683, 979. 


rpodiiwpy : 38. 

apodérns : 1068. 
mpoctericrapa: : 101, 699. 
rpoberritw : 211. 
mpotgoow : 145. 
wpooBhérw : 215. 
rpogdéipxopa : 53, 796, 903. 
rpoocdoxaw : 930, 988, 1026. 
rpocdoxnrés : 935. 
rpocebxoua : 937. 
mpooxuvéw : 936. Cf. xiww. 
rpocparOarw: 697. Cf. pavOarw. 
mpogopaw: 553. Cf. dpaw. 
xpocraccadeiw: 20. Cf. raccadeiw. 
wpooréroua : 115, 555, 644. 
xpéomdaros: 716. Cf. redagw, rédas. 
mpooroprarés: 142. Cf. ropraw. 
mpoccaivw: 835. Cf. xiwv. 

mrhoow: 174. Cf. irorrqoow. 


Cf. eeu. 


Cf. ebypa, ebxh. 


ruvOavopa: : 520, 617, 642, 744, 963, 988. 


P 
pasornp : 56. 
paiw: 189. 
perm : 126, 1089. 
piwrw: 312, 748, 992, 1043, 1051. 


Cf. drappaiw. 


z= 
caga: 504. 
cagnvite : 
cagnras : 
caghs : 641. 
cagas : 387, 664, 817, 840, 914, 967. 
ceBopa : 543, 937. 
oeuvres : 521. 
cepvooropos : 953. 
ojpa : 498. 
onpaivw : 295, 565, 618, 684, 763. 
onueiov : 842. 
obeviw : 1013. 
oGevos : 55, 105, 362, 428. 
ovyaw: 106 bis, 198, 437, 441. 
ovdnpopqrwp : 301. 
aidnpos : 502. 
ovdnporéxtwy : 714. 
ovdnpdgpwyr : 242. 
oxpas : 102, 488. 
oxtpraw: 1085. 
oxiprnua : 599, 675. 
cogiopa : 459, 470, 1011. 
soguorhs : 62, 944. 
coves : 887, 936, 1038, 1039. 
orevdw : 192 bis, 203. 
oraccs : 200, 1087. 
ortvw : 66, 68, 397, 409, 432, 435. 
orépyw: 11. Cf. dorepyarwp. 
orépynOpor : 492. 
oreppds : 1052. 
oropéevvun : 190. 
orvyavwp: 724. Cf. aorepyavwp. 
orvyéw : 37, 46, 978, 1004. 
orvynrés : 592. 


227, 621. 
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Cf. ériorapat. 
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ovyyerms : 14, 39, 289, 855. 

ovyxabiornum : 305. 

ovyxaprw : 414, 1059. 

ovddw : 83, 761. Cf. dwoovdhdw, xrer-. 

ouprapacraréw: 218. Cf. oraais. 

ouprovéw : 274. Cf. wrévos. 

ouprpacow : 295. 

ouvaipw : 650. 

ovvadyéw : 288. 

ovvacxadaw and cvacxad\d\w: 243, 303. 
Cf. Evvacxadaw. 

ovvedpia : 492. 

ovvOadrw: 685. Cf. 0adrw. 

ogaxedos : 878, 1045. 

owtw : 374, 392, 524. 


awepoviw: 982. Cf. repocdgpwr. 


T 


rakairwpos : 231, 315, 595, 623. 

radas: 108, 157, 469, 566, 571, 595. 

raravés : 320, 908. 

réeyyw : 401, 1008. 

rexpaipw: 336, 605. 

réxpap : 454. 

Texunprov : 826. 

réppa : 100, 184, 257, 284, 622, 706, 755 
823, 828, 1026. 

réxvn : 47, 87, 110, 254, 477, 
514. 

rndérdayxtos : 576. 

tndoupés : 1, 807. 

ry: 30, 171, 
ari. 

tivw: 112, 176, 620, 985. 

rod\pa: 16. 

roApaw : 235, 299, 331, 381, 999 bis. 

ropas : 604, 609, 699, 870. 

rpaxis : 35, 186, 311, 324, 726, 1048. 

tpaxirns : 80. 


497, ; 


410, 946. Cf. yépas, 


rpoxis : 941. 
trupavvis: 10, 224, 305, 357, 756, 909, 
996. 


tipavvos : 222, 310, 736, 942, 957. 

ripavvos (adj.) : 761. 

rixn : 106, 182, 272, 288, 302, 347, 37 
398, 554, 633, 637, 769, 1073. 


an 


T 
bBpitw: 82, 970 bis. 
bBprorhs : 717. 
brepheavos : 404. 
iwtpmuxpos: 944. Cf. rixpés. 
iweiOuvos : 324. Cf. ddivw. 
irnpérns : 954, 983. 
brorrqcow : 29, 960. 
iviyopos : 318, 360. 
ivdxpnuvos : 5. 
ipixpnuvos : 421. 
iyvoros : 720. 


Cf. xrqjgow. 
Cf. aimv-. 


> 


gaos: 24, 1021, 1092. 
gappaxov: 249, 475, 480, 606. Cf. voo-. 
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grAavOpwros : 11, 28. 

gitvos : 128. 

vidos : 225, 246, 297, 304, 546, 611, 660. 

gddrns : 123, 191. 

goBtoua : 128, 933, 1003. 

goBepés : 127, 144. 

goBos : 181, 355, 696, 881, 1090. 

gpaftw: 608, 765, 781, 788, 825, 844, 
950, 995. 

gpevorAnyns : 878. 

gpevordnxros : 1054. 

guyyavw: 513. Cf. dguxros. 

guvAacow : 390, 715, 804. 


xaratw : 991. 
xaduvds : 562, 672. 
xapitoyAwooew : 294. 
xepatw : 563, 838. 


xemuav : 643, 1015. 
xOcev: 1, 


xd : 436, 466. 
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Cf. &vOpwros. x 
xaddaw : 58, 176, 256, 


xapes : 545, 635, 782, 


xodos : 29, 199, 370, 376. 
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xpewv: 772, 970, 996. 
avaykn, wempwyern. 
xppsw: 233, 245, 283, 374, 609, 701, 

738, 928, 984. 


Cf. ’Aédpacraa, 
1057. 


821, 985. 


813, 846, 852, 1046, 1081. 
xAvbaw : 971, 972 bis. 


Vv 
Cf. bvoxeipepos. Warvov : 54. 
Yevdcvupos : 717. 
139, 281, 349, 500, 582, 713, Wevdwripws : 85. 
Q 


wgedéw : 44, 222, 342, 507. 
@géAnua: 251, 501, 613. 
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INTRODUCTION 

DvRING the past eighteen years, the author has 
devoted much time and effort to the study of the 
Cuban poeciliid fishes of the tribe Girardinini. 
Numerous field trips covering the island of Cuba 
and the Isle of Pines, resulted in the accumulation 
of an extensive collection of girardinin fishes in- 
cluding many thousands of specimens representing 
all the known forms, some of which have been 


* Contribution No. 32 from the Ichthyological Labora- 


tory and Museum, Department of Zoology, University 
of Miami. 


described as new by the present writer (Rivas, 
1944a, 1944b). Part of the field work consisted 
in obtaining ecological and behavioral data and 
the bringing of live specimens to the laboratory, 
where they were kept under observation for long 
periods of time. 

This wealth of material has permitted a thorough 
study of the tribe and it is believed that no un- 
described species remain to be discovered. Once 
the systematics, ecology, behavior, and distribu- 
tion of the species were fairly well known, it re- 
mained as a most challenging field of research, 
the study of the origin and phylogeny of the group, 
and the modes of speciation and dispersal of its 
members. The isolated position of the tribe 
Girardinini, both as to its relationships and dis- 
tribution, presents interesting problems of origin 
and phylogeny which have puzzled students of 
West Indian ichthyology. 

The purpose of the present work is to establish 
the phylogeny and relationships of the tribe and 
to trace its origin to a single common ancestor 
which is assumed to have migrated into western 
Cuba directly from Central America during the 
Miocene-Pliocene. The manner in which this 
migration took place is discussed and based on 
ecological, behavioral, and paleogeographical data. 
A study and discussion of speciation and dispersal 
is offered by correlating the biological data with 
the paleoecology and paleogeography of the island 
of Cuba. A theory expressing the author’s views 
in connection with these matters is given in the 
following four postulates, whose development 
forms the main body of this study. 


1.—-The species comprised in the tribe Girardinini 
were derived from a single, common ancestor which 
migrated to the island of Cuba from Central America. 

2.—The migration was effected through fresh 
water, by means of a land connection between eastern 
Yucatan—British Honduras and western Cuba. 


3.—Speciation in the tribe Girardinini has occurred 
chiefly through adaptive radiation, and its center of 
origin was located in western Cuba. 
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4—The mechanisms of speciation and dispersal 
leading to the present forms within the tribe and 
their geographical distribution are explained by the 


paleogeography and paleoecology of the island of 
Cuba. 


It is obvious that a study of the origin, specia- 
tion, and dispersal of a group of fresh-water fishes, 
especially on an isolated island, must take into 
consideration the present, as well as the past 
physiography and environmental conditions of the 
region, in addition to a knowledge of the biology 
of the group. It is the study and correlation of 
these factors that forms the basis upon which 
reasonable theories can be constructed. Although 
much work remains to be done, enough data on 
the physiography, geology, and paleogeography of 
Cuba are available for the purposes of the present 
study. 

Fossil poeciliids are as yet unknown, but there 
is the possibility that some may be uncovered 
when regions where they are likely to occur are 
thoroughly explored. Careful investigation of 
“fossil stream beds” in western Cuba ( Massip, 
1942: 74), may disclose paleontological evidence 
which should be most useful in studies of phy- 
logeny, evolution, and dispersal of girardinin and 
other Cuban fresh-water fishes. According to the 
evidence presented in the last part of this study 
(pp. 313-318), fossil girardinins should be looked 
for in Pleistocene alluvial deposits. 
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MATERIALS AND METHODS 


The present study is based almost entirely 
on the author’s collections of girardinin fishes 
(C.L.R.R.), totaling about 7,000 specimens repre- 
senting all the known species. Additional speci- 
mens in the United States National Museum 
(U.S.N.M.), Stanford Natural History Museum, 
and Museum of Comparative Zoology have been 
examined. 

The author’s specimens were obtained by sein- 
ing with fine-meshed nets under conditions in- 
suring the capture of a fairly accurate cross-section 
of the population including those newly born. 
Temperatures were nearly always taken, and water 
and bottom samples were often taken back to the 
laboratory for analysis. Altitudes were measured 
with an aneroid altimeter. Ecological conditions 
such as turbidity, depth, nature of the bottom, cur- 
rent, vegetation, and predators, were studied in 
the field. 

Behavior was mostly studied in the laboratory 
by observation of live material kept in aquaria, but 
whenever possible observations were made in the 
field by means of glass-bottom buckets or by swim- 
ming under water with a face mask. Food was 
investigated by direct observation in the field 
and laboratory, and by examination of stomach 
contents. 

The taxonomic analysis is based on detailed 
study of representative series of specimens of each 
form from many localities and different ecological 
conditions throughout their respective ranges. 
Proportions and counts are self-explanatory. 


1. THE SPECIES COMPRISED IN THE TRIBE 
GIRARDININI WERE DERIVED FROM A 
SINGLE, COMMON ANCESTOR WHICH 
MIGRATED TO THE ISLAND OF 
CUBA FROM CENTRAL 
AMERICA 


TAXONOMY OF THE TRIBE GIRARDININI 


The genera and species of the exclusively Cuban 
tribe Girardinini form, within the family Poe- 
ciliidae,? a compact, natural group whose recogni- 


2 The Poeciliidae belong to the order Cyprinodontes 
and comprise some 48 genera and about 140 species of 
small, ovoviviparous fishes, most of which occur in fresh 
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tion emphasizes the sharp differentiation which it 
has undergone since it first became established on 
the island. The following genera, species, and 
subspecies are comprised in the tribe. 


Tribe Girardinini Hubbs 

Hubbs, 1924: 9 (original diagnosis) ; 
1926: 20 (relationships), 58 (relationships, Cuba). 
Howell-Rivero and Rivas, 1944: 6 
12-14 (general account). 


Girardinini 


(characters ), 


Genus Toxus Eigenmann 


Toxus Eigenmann, 1903: 226 (original description ) ; 
Toxus riddlet). Hubbs, 1924: 9 (characters in 
key) ; 1926: 58 (comments). Howell-Rivero and 
Rivas, 1944: 9, 10 (characters in key). 


Toxus serripenis, new species 
Figs. 1 (5, 6); 11 (2) 


Holotype, adult male 31 mm. in standard length, 
collected by Luis Rene Rivas in Rio Taco Taco at 
Rangel, Province of Pinar del Rio (C.L.R.R. No. 
69). Paratypes: ten adult males, 27 to 35.5 mm., and 
twenty-two half grown to adult females, 32 to 60 mm. 
in standard length, all collected with the holotype. 
Diagnosis, comparisons and relationships are given 
in the analytical keys. 


Toxus creolus (Garman) 
Figs. 2 (1, 2); 11 (2) 
Girardinus creolus Garman, 1895: 47 (original de- 
scription, Cuba). 
Toxus riddlei Eigenmann, 1903: 226 (original de- 
scription, San Cristobal). 
Toxus creolus, Howell-Rivero and Rivas, 1944: 17. 


Genus Glaridichthys Garman 
Glaridodon (not Glaridodon Seeley) Garman, 1895: 
40 (original description; Girardinus uninotatus). 
Glaridichthys Garman, 1896: 232 (substitute for 
Glaridodon, preoccupied). Hubbs, 1924: 9 (char- 
acters in key) ; 1926: 58 (genus confined to Cuba). 
Howell-Rivero and Rivas, 1944: 7 
key). 


(characters in 


water, although a few species are normally found in 
brackish or even salt water along swampy shores. This 
compact family is characterized by the structure of the 
anal fin of the males which is transformed into a copu- 
latory organ (gonopodium) by elongation of rays 3, 4, 
and 5. The family is confined to the Western Hemi- 
sphere from the Delaware River sovthward to Rio de 
la Plata including the West Indies, on tiie Atlantic, and 
from the Colorado River southward to Ecuador, on the 
Pacific. The members of this family, commonly known 
as “Top minnows,” are popular with aquarists who call 
them “Live-bearers.” For detailed information on this 


family, see Regan (1913), Henn (1916), Hubbs (1924, 
1926). 
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Glaridichthys uninotatus uninotatus (Poey) 
Figs. 2 (3, 4); 11 (2) 


Girardinus uninotatus Poey, 1860: 309 (original 
description; Rio Taco Taco, Province of Pinar 
del Rio). 


Glaridichthys uninotatus, Eigenmann, 1903. Hubbs, 
1926: 59. 
Glaridichthys uninotatus torralbasi Eigenmann 
Figs. 2 (5, 6); 11 (2) 
Glaridichthys torralbasi Eigenmann, 1903: 2 


25 (orig- 
inal description; Rio del Pinar). Hubbs, 1‘ 


926: 59. 
Glaridichthys falcatus Eigenmann 
Figs. 3 (1, 2); 11 (2) 

Glaridichthys falcatus Eigenmann, 1903: 224 (orig- 
inal description; San Cristobal, Los Palacios, Rio 
del Pinar). Hubbs, 1926: 60. 

Glaridichthys atherinoides Rivas, 1944a: 3 (orig- 
inal description; Arroyo Blanco, Province of 

Camaguey ). 


Genus Allodontium Howell-Rivero and Rivas 


Howell-Rivero and Rivas, 1944: 17 
(original description; Heterandria cubensis Eigen- 
mann ). 


Allodontium 


Allodontium cubense (Eigenmann) 
Figs. 3 (3, 4); 11 (2) 


Heterandria cubensis Eigenmann, 1903: 227 (original 
description; Los Palacios; Pinar del Rio). 

Toxus cubensis, Hubbs, 1926: 58. 

Allodontium cubense, Howell-Rivero and Rivas, 1944: 
12-18. 


Genus Dactylophallus Howell-Rivero and Rivas 


Dactylophalius Howell-Rivero and Rivas, 1944: 15 
(original description; 
Garman ). 


Girardinus  denticulatus 


Dactylophallus denticulatus denticulatus (Garman) 
Figs. 3 (5, 6); 11 (2) 


Girardinus denticulatus Garman, 1895: 47 (original 
description; Remedios, Cuba). 

Dactylophallus denticulatus, 
Rivas, 1944: 15-17. 


Howell-Rivero and 


Dactylophallus denticulatus ramsdeni Rivas 
Figs. 4 (1, 2); 11 (2) 
Dactylophallus ramsdeni Rivas, 1944a: 48 (original 


description; Rio Guaso, Guantanamo, Province of 
Oriente). 


Genus Girardinus Poey 


Girardinus Poey, 1854: 383 (original description; 
Girardinus metallicus Poey). Howell-Rivero and 
Rivas, 1944: 8-9 (characters in key). 
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Girardinus microdactylus Rivas 
Figs. 4 (3, 4); 11 (2) 
Girardinus microdactylus Rivas, 1944a: 51 (original 
description; Rio Taco Taco, Jardin de Blain, 
Province of Pinar del Rio). 


Girardinus metallicus Poey 
Figs. 4 (5, 6); 11 (2) 


Girardinus metallicus Poey, 1854: 387 (original de- 
scription; Jardin Botanico, Province of Habana). 


6 : ¢ 


Fic. 1. (1, 2) Allogambusia tridentiger. Adult female 
and male, 28 and 17 mm. in standard length respec- 
tively, from Panama. (3, 4) Phalloceros caudo- 
maculatus. Adult female and male, 44 and 29 mm. 
in standard length respectively, from Brazil. (5, 6) 
Toxus serripenis. Adult female paratype and male 
holotype, 52 and 31 mm. in standard length respec- 
tively, from Rio Taco Taco, Province of Pinar del 
Rio. (Photographs by the Smithsonian Institution.) 
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Girardinus garmani Eigenmann, 1903: 226 (original 
description; Pinar del Rio; Los Palacios). 

Girardinus pygmaeus Rivas, 1944a: 49 (original de- 
scription ; Rio Hatiguanico, Province of Matanzas). 


The first ichthyologist to point out the isolated 
position of this group taxonomically was Hubbs 


> 2. (1, 2) Toxus creolus. Adult female and male, 

46 and 28 mm. in standard length respectively, from 
Rio Sumidero, Province of Pinar del Rio. (3, 4) 
Glaridichthys uninotatus uninotatus. Adult female 
and male, 67 and 36.5 mm. in standard length re- 
spectively, from Rio Taco Taco, Province of Pinar 
del Rio. (5, 6) Glaridichthys uninotatus torralbasi. 
Adult female and male, 44 and 33 mm. in standard 
length respectively, from Rio Guama, Province of 
Pinar del Rio. (Photographs by the Smithsonian 
Institution. ) 
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(1924:9). On the basis of gonopodial characters, 
he diagnosed the tribe as follows: “Ray 3 with a 
pair of curved horn-like appendages near tip; ray 
5 with the posterior edge serrate.” Later (1926: 
50), he reaffirmed his conclusions and pointed out 
that the tribe was confined to Cuba, thus correlat- 
ing taxonomic status with geographical distribu- 


tion. Howell-Rivero and Rivas (1944) have 


6 2 


Fic. 3. (1, 2) Glaridichys falcatus. Adult female and 
male, 55 and 28 mm. in standard length respectively, 
from Rio Cayojo, Province of Oriente. (3, 4) Allo- 
dontium cubense. Adult female 41 mm. in standard 
length, from Laguna de Piedras, Province of Pinar 
del Rio, and adult male 24.5 mm. in standard length, 
from Rio Guama, Province of Pinar del Rio. (5, 6) 
Dactylophallus denticulatus denticulatus. Adult fe- 
male and male, 59 and 38 mm. in standard length 
respectively, from Rio Rancho Nuevo, Province of 
Oriente. (Photographs by the Smithsonian Insti- 
tution. ) 
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recently confirmed these conclusions and presented 
a detailed taxonomic study of the tribe including 
descriptions of two new additional genera (Dacty- 
lophallus, Allodontium ). 

My recent studies have further emphasized the 
integrity of the tribe Girardinini. In their funda- 
mental features, the genera and species are in 
complete agreement. Their adaptive radiation 


: 6 . s 


Fic. 4. (1, 2) Dactylophallus denticulatus ramsdeni. 
Adult female and male, 44 and 27 mm. in standard 
length respectively, from Rio Guaso, Province of 
Oriente. (3, 4) Girardinus microdactylus. Adult 
female and male, 50 and 29 mm. in standard length 
respectively, from Rio Taco Taco, Province of Pinar 
del Rio. (5, 6) Girardinus metallicus. Adult female 
and male, 50 and 28 mm. in standard length, from 
Rio Punta Brava, Province of Habana. (Photo- 
graphs by the Smithsonian Institution.) 
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seems to have been related chiefly to feeding habits, 
since most of the generic characters involve the 
structure of the jaws, lips, and teeth. There is 
every reason to believe that the tribe has evolved 
in Cuba, after a single ancestral species migrated 
into what is now that island. 

Careful and detailed studies of the extensive 
material at hand have permitted an interpretation 
of relationships among the members of the tribe. 
In order to present as true a picture as possible of 
these relationships, as a basis to construction of 
the phylogeny of the group, the following pro- 
cedure will be followed. A separate natural taxo- 
nomic analysis of the tribe, based exclusively on 
gonopodial characters (figs. 5 (6); 7, C) will be 
presented first followed by a separate, natural 
analysis based on adult, non-gonopodial charac- 
ters, and a third analysis based on juvenile 
characters. 


The following diagnosis comprises the charac- 
ters common to all the members of the tribe. 


DIAGNOSIS OF THE TRIBE GIRARDININI 


Ray 3 of gonopodium (figs. 5 (6); 7, C) edged 
anteriorly, smooth, rather abruptly constricted dis- 
tally, with a pair of subterminal, membranous finger- 
like appendages hooked distally; the last segment 
divided, and forming laterally diverging halves; ray 
pigmented axially with melanophores, the pigmenta- 
tion decreasing distally in area and intensity. Seg- 
ments of ray 3, at base of appendages, modified as a 
supporting structure for the appendages. Anterior 
branch of ray 4 much thicker than posterior branch; 
both branches separated distally, and their tips slightly 
bent towards ray 3. Tip of anterior branch of ray 4 
in contact with tip of ray 3. Posterior branch of ray 
4 constricted distally, with several retrorse pairs of 
serrae per serrae-bearing segment (without serrae 
in Toxus creolus). Subterminal segments of anterior 
branch of ray 5, more or less enlarged, the distal end 
of the branch more or less club-shaped. Several (5 
to 16) subterminal segments of posterior branch of 
ray 5, each modified into a pair of strong retrorse 
serrae. Gonopodium relatively long, more than 40 
per cent of the length of the body without caudal, 
reaching beyond vertical from posteriormost point of 
dorsal fin. Gonopodial suspensorium * composed of 
three gonapophyses (modified anterior haemal spines ) 
all impinging against the interhaemals; the first not 


3 Skeletal apparatus connecting the vertebral column 
with the gonopodium and serving as a support for the 
latter. It is composed of the modified, anterior 2 or 3 
haemal spines and the modified, anterior interhaemal 
spines. For detailed explanation of this structure and 
che gonopodium itself, see Howell-Rivero, 1946 and 
Howell-Rivero and Rivas, 1944. 
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forming a terminal ring; each with a strong uncina- 
toid process; no parapophyses on gonapophyses. 
Compound interhaemal formed of 2nd, 3rd, and 4th 
interhaemals, with a strong, bilobed lateral keel; 
posterior interhaemals rod-like and well separated. 
Gape of mouth more transverse than lateral. Teeth 
of outer row compressed, curved inward, expanded 
subapically. Teeth of inner row minute, conical, 
sharply pointed. Preorbital sensory organ an open 
groove in juveniles, a closed tube with pores in the 
adult. Origin of dorsal fin behind origin of anal 
in both sexes. Dorsal rays 8 or 9; anal rays 9 or 
10. Scales in 28 to 31, usually 29 or 30 transverse 
rows. Vertebrae 29 to 31, usually 30. Gill rakers 
developed, short, not close set, 17 to 21, usually 18 to 
20 on outer arch. Scale pockets margined with 
dusky, the resulting reticulate pattern undeveloped 
on the ventral part of the body, especially the belly. 
A black line running along the lower edge of the 
caudal peduncle. Sides of body with several, more 
or less distinct dusky crossbars more conspicuous in 
males and young females. Standard length about 
8 mm. at birth, attaining maturity at about 20 mm.; 
adult males always less than 50 mm. in standard 
length, and females 90 mm. Species limnophagous 
or phytophagous, occurring in midwater or on the 
bottom, rarely in the upper stratum or at the surface. 
Fresh waters of the island of Cuba and the Isle of 
Pines; not known to stray into salt 
water. 


brackish or 


NATURAL ANALYSIS OF THE TRIBE 


BASED ON GONOPODIAL 


GIRARDININI 
CHARACTERS 


la.—Ray 3 not bent inward near tip, at base of ap- 


pendages. Distal segments of ray 3 and anterior 
branch of ray 4, gradually increasing in length 
from the short apical segments to the compara- 
tively long middle segments. Posterior branch 
of ray 4 smooth or with up to 7 pairs of com- 
paratively large, retrorse serrae. Subterminal 
segments of anterior branch of ray 5 broadly 
enlarged transversely, forming an _ elbow-like 
swelling; tip of branch not reaching to base of 
appendages. Posterior branch of ray 5 with 12 
to 16 pairs of retrorse serrae, its tip not reaching 
to base of appendages. Gonopodium shorter, 2.3 
to 2.8 in standard length. (Toxus.) 
2a.—Posterior branch of ray 4 with 2 to 7 pairs of 
strong, retrorse serrae. Distalmost segments of 
anterior branch of ray 5 (above elbow) com- 
paratively large, usually partly fused, 2 or 3 in 
number; elbow-like swelling of branch broader 
and less elongate. 
Toxus serripenis. 
2b.—Posterior branch of ray 4 without serrae. 
Distalmost segments of anterior branch of ray 5 


comparatively small, usually not fused, 4 to 6 in 
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number ; elbow-like swelling of branch less broad 
and more elongate. 
Toxus creolus. 
1b.—Ray 3 bent inward near tip, at base of append- 
ages. Distal segments of ray 3 and anterior 
branch of ray 4, abruptly increasing in length 
from the short, apical segments to the much 
longer middle segments. Posterior branch of 
ray 4 always with more than 7 pairs of com- 
paratively small retrorse serrae. Subterminal 
segments of anterior branch of ray 5 somewhat 
enlarged transversely, forming an incipient el- 
bow-like swelling ; tip of branch reaching beyond 
base of appendages. Posterior branch of ray 5 
with 5 to 12 pairs of retrorse serrae, its tip 
reaching beyond base of appendages. 
dium longer, 1.9 to 2.3 in 
(Glaridichthys, 
Girardinus. ) 


Gonopo- 
standard length. 
Allodontium, Dactylophallus, 
3a.—Anterior branch of ray 5 reaching to, or some- 
what beyond point midway between base of ap- 
pendages and tip of ray 3. Serrae on posterior 
branch of ray 5 ending abruptly distally, with- 
out a decrease in size. (Glaridichthys.) 
4a.—Posterior branch of ray 5 with its 4 to 6 
terminal segments unarmed with  serrae. 
Length of gonopodium, 2.2 or 2.3 in standard 
length. 
Glaridichthys uninotatus. 
4b.—Posterior branch of ray 5 with its 2 to 4 
terminal segments unarmed with _ serrae. 
Length of gonopodium, 2.0 or 2.1 in standard 
length. 
Glaridichthys falcatus. 


3b.—Anterior branch of ray 5 not quite reaching 


to point midway between base of appendages 
and tip of ray 3. Serrae on posterior branch 
of ray 5 gradually decreasing in size distally. 
(Allodontium, Dactylophallus, Girardinus.) 
5a.—Posterior branch of ray 5 with its 2 ter- 
minal segments unarmed with serrae ( Allo- 
dontium, Dactylophallus. ) 
6a.—Posterior branch of ray 
pairs of serrae. 


5 with 6 to 8 


Allodontium cubense. 
6b.—Posterior branch of ray 5 with 7 to 12 
pairs of serrae. 

Dactylophallus denticulatus. 
5b.—Posterior branch of ray 5 with its 3 or 4 
terminal segments unarmed with 

( Girardinus. ) 
7a.—Finger-like appendages on ray 3 com- 
paratively slender, not reaching to tip of 
ray. Ray 3 more or less slightly bent inward 
at base of appendages. 


serrae. 


Laterally diverging 
halves of divided terminal segment or ray 3, 
each forming a_ well retrorse 
branch. Transversely enlarged subterminal 


developed 
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segments of anterior branch of ray 5, about 
equal in size to subterminal segments of 
posterior branch of ray 4. 

Girardinus microdactylus. 


7b.—Finger-like appendages on ray 3 com- 
paratively stout, reaching to, or beyond tip 
of ray. Ray 3 markedly bent inward at base 
of appendages. Laterally diverging halves 
of divided terminal segment of ray 3 not 
developed into retrorse branches. Trans- 
versely enlarged subterminal segments of 
anterior branch of ray 5, much larger than 
subterminal segments of posterior branch of 

ray 4. 
Girardinus metallicus. 


NATURAL ANALYSIS OF THE TRIBE GIRARDININI 
BASED ON ADULT NON-GONOPODIAL CHARACTERS 


la.—Gape of mouth below transverse axis passing 
through center of eyes, in front and side views. 
Teeth of outer row comparatively large, more 
widely spaced and fewer. Preorbital sensory 
tube not concentric with orbit, forming a broad, 
reversed L with one slightly curved arm near 
front of bone concentric with orbit, and the 
other along lower border ending in a pore close 
to orbit. Body more robust. Dorsal and anal 
fins evenly rounded, without sharp angles, not 
subtriangular in shape. Caudal fin evenly 
rounded especially in males, without sharp 
angles, its posterior margin strongly convex. 
Pectoral fin large, broadly rounded, with 14 or 
15 rays. Origin of dorsal fin nearer caudal base 
than insertion of pectoral fin. Predorsal con- 
tour strongly convex, especially between tip 
of snout and occiput; not at all flattened 
transversely. Pigmentation strongly developed. 
(Toxus.) 
2a—Dorsal rays 8. Eye smaller, 3.2 to 3.6 in 
3.8 to 4.3 in females. Upper 
Taco falls 


head in males; 
reaches of Rio 
(fig. 11 (2)). 


Taco, above the 
Toxus serripents. 
2b.—Dorsal rays 9. Eye larger, 2.9 to 3.2 in head 
in males ; 3.3 to 3.7 in females. Highland streams 
of the southern drainage of Sierra de los Organos 
(fig. 11 (2)). 
Toxus creolus. 
1b—Gape of mouth above transverse axis passing 
through center of eyes, in front and side views. 
Teeth of outer row comparatively small, less 
widely spaced and more numerous. Preorbital 
sensory tube concentric with orbit, not L-shaped, 
slightly curved, in front of middle of bone, its 
lower pore far removed from orbit. Body less 
robust. Dorsal and anal fins not evenly rounded, 
with more or less sharp angles, subtriangular in 
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shape. Caudal fin not evenly rounded, with 
more or less sharp angles, its posterior margin 
somewhat concave, straight or slightly convex. 
Pectoral fin small, elongate, with 11 to 13 rays. 
Origin of dorsal fin midway between middle of 
caudal base and insertion of pectoral fin or 
posterior border of opercle. Predorsal contour 
straight, sigmoid or slightly convex; never 
strongly convex between tip of snout and occiput ; 
more or less flattened transversely. Pigmenta- 
tion not strongly developed. (Glaridichthys, 
Allodontium, Dactylophallus, Girardinus.) 
3a.—Jaws strong and firmly united. Upper lip 
entirely visible in front view. Teeth of outer 
row broadly expanded subapically, chisel- 
shaped, firmly and close set in jaws, in con- 
tact and partly overlapping on another thus 
forming a rather even cutting edge; regularly 
arranged in a moderate, even arc on each jaw. 
Gape of mouth markedly arched in front view. 
( Glaridichthys.) 
4a.—Caudal peduncle deeper, its least depth 6.2 
to 7.0 in standard length. Origin of dorsal 
fin above middle of anal base or somewhat 
behind in females; nearer tip of snout than 
tip of middle caudal rays in females. Anal 
fin scarcely or not at all falcate in females, 
the third ray shorter than distance between 
origins of dorsal and anal fins. Pigmenta- 
tion well developed. Sides of body with 
metallic reflections but not forming a defi- 
nite, narrow, bright silvery or golden longi- 
tudinal band in life. Flesh opaque or little 
translucent, in life, the vertebral column 
and internal organs not visible. Highland 
streams of the southern and northwestern 
drainage of Sierra de los Organos (fig. 
11 (2)). 
Glaridichthys uninotatus. 


5a.—Posterior margin of caudal fin usually 
somewhat concave, sometimes _ straight. 
Posterior margin of anal fin usually concave 
in females. Sides of body with a conspicu- 
ous, black blotch about the size of the eye, 
in the middle above anus; the blotch some- 
times connected by a black streak with the 
blackened peritroct. Dorsal fin somewhat 
dusky basally, the pigmentation not forming 
a definite cross band. Rio Guama system 
eastward. 
Glaridichthys uninotatus uninotatus. 


5b.—Posterior margin of caudal fin usually 
convex. Posterior margin of anal fin usually 
convex in females. Sides of body usually 
without a black blotch. Dorsal fin with a 
subbasal dusky cross band, more conspicuous 
in males. Rio Guama system westward. 
Glaridichthys uninotatus torralbasi. 
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4b—Caudal peduncle more slender, its least 
depth, 7.1 to 8.5 in standard length. Origin 
of dorsal fin above end of anal base in females ; 
about midway between tip of snout and tip 
of middle caudal rays or nearer tip of middle 
caudal rays in females. Anal fin falcate in 
females, the third ray longer than distance 
between origins of dorsal and anal fins. Pig- 
mentation weakly developed. Sides of body 
with a narrow, bright, well defined silvery or 
golden longitudinal band in life. Flesh trans- 
lucent in life, the vertebral column and internal 
organs visible. Ponds, lakes and lowland 
streams of central and western Cuba (fig. 
ll (2)). 


Glaridichthys falcatus. 


3b.—Jaws weak and loosely united. Upper lip not 


entirely visible in front view. Teeth of outer 
row less broadly expanded subapically, cutlass-, 
knife-, or spear-shaped, not firmly set in jaws, 
more or less widely spaced, not forming a 
cutting edge and arranged in two weak or 
strong arcs meeting at symphysis on lower 
jaw. Gape of mouth straight or weakly arched 
in front view. (Allodontium, Dactylophallus, 
Girardinus. ) 
6a.—Gape of mouth nearly horizontal in side 
view ; weakly arched but not straight, in front 
view. Jaws less weak and less loosely united. 
Lower jaw not strongly projecting beyond 
upper, the lower lip scarcely visible from 
above. Upper lip uniformly convex, not form- 
ing a concave depression at symphysis, about 
half visible in front view. Lower lip convex, 
not notched at symphysis in dorsal view. Lip 
papillae undeveloped. Teeth of outer row sym- 
metrically expanded subapically, spear-shaped, 
sharply pointed, not curved away from sym- 
physis, strictly uniserial, not displaced in 
alternating pattern and arranged in a very 
weak arc on the upper jaw and two very 
weak arcs meeting at symphysis, on the lower 
jaw. Branched caudal rays 12. Origin of 
dorsal fin in advance of middle of anal base 
in females. Longest dorsal ray longer than 
distance between origins of dorsal and anal 
fins in females. Caudal peduncle slender, its 
least depth 3.0 or 3.1 in its length. Dorsal 
and anal fins without a black spot or a sub- 
basal dusky cross band. Ponds, lakes, and 
streams of the southern drainage of Sierra de 
los Organos, Province of Pinar del Rio (fig. 
11 (2)). (Allodontium.) 
Allodontium cubense. 


6b.—Gape of mouth oblique or nearly vertical 
in side view; straight in front view. Jaws 
weaker and more loosely united. Lower 
jaw strongly projecting beyond upper, the 
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lower lip widely visible from above. Upper 
lip forming a concave depression at sym- 
physis, scarcely visible in front view. Lower 
lip straight, concave or notched at symphysis 
in dorsal view. Lip papillae developed. 
Teeth of outer row asymmetrically expanded 
subapically, cutlass- or knife-shaped, not 
sharply pointed, curved away from sym- 
physis, not strictly uniserial, displaced in 
alternating pattern and sometimes appearing 
to form 2 or arranged in two 
arcs meeting at symphysis, on each jaw. 
Branched caudal rays 13 to 15. Origin of 
dorsal fin above middle of anal base in fe- 
males. Longest dorsal ray shorter than dis- 
tance between origins of dorsal and anal 
fins in females. 


3 rows 


Caudal peduncle more ro- 
bust, its least depth, 2.4 to 2.8 in its length. 
Dorsal fin of males and young females with 
a black spot or a subbasal dusky, cross band. 
(Dactylophallus, Girardinus.) 

7a.—Gape of mouth oblique, not nearly vertical 
in side view. Jaws less weak and less loosely 
united. Lower lip straight or concave, but 
not notched at symphysis in dorsal view. 
Lip papillae undeveloped towards rictus. 
Lower border of preorbital slightly raised 
but not free. Preorbital typically scaleless. 
Inner row of teeth present. Arcs formed 
by teeth of outer row, less curved; the teeth 
continuous at symphysis on both jaws. 

Dorsal and anal fins slightly falcate in fe- 

males, about equal in size or the dorsal 

larger than the anal in females. Dorsal fin 
of males and young females with a subbasal, 

dusky cross band. Sides of body with a 

broad, silvery or golden longitudinal band in 

life, not broken up into definite cross bars. 

Ponds, lakes and streams of central and 

eastern Cuba (fig. 11 (2)). 

Dactylophallus denticulatus. 
8a.— Mouth larger, its overall width, 2.9 to 
3.1 in head in males; 2.5 to 2.9 in females. 
Lip papillae well developed. Caudal 
peduncle more slender, its least depth, 
usually more than 6.9 in standard length 
in females. Central and eastern Cuba, 
except Rio Guaso and Yateras systems. 
Dactylophallus denticulatus denticulatus. 
86.—Mouth smaller, its overall width 3.0 to 
3.2 in head in males; 2.9 to 3.3 in females. 
Lip papillae scarcely developed or obso- 
lete. Caudal peduncle more robust, its 
least depth, usually less than 6.9 in stand- 
ard length in females. Rio Guaso and 
Rio Yateras systems, southeastern drain- 
age of Sierra Maestra, Province of 
Oriente, eastern Cuba. 
Dactylophallus denticulatus ramsdeni. 
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7b.—Gape of mouth vertical or nearly so in 
side view. Jaws weaker and more loosely 
united. Lower lip usually notched at 
symphysis in dorsal view. Lip papillae 
well developed towards rictus. Lower 
border of preorbital free. Preorbital 
typically with a few scales. Inner row of 
teeth obsolete. Arcs formed by teeth of 
outer row more curved, the teeth inter- 
rupted at symphysis by a narrow, edentu- 
lous midsection on each jaw. Dorsal and 
anal fins not falcate in females. Dorsal 
fin smaller than the anal in females. Dor- 
sal fin of males and females with a basal, 
more or less diffuse black spot. Sides of 
body with about 8, equally spaced, silvery 
or golden cross bars in life. (Girardinus). 
9a—Scales in 30 or 31 transverse rows. 
Teeth of outer row more broadly expanded 
subapically. Black spot on dorsal fin not 
well defined; diffuse or transformed into 
a dusky, median cross band, especially in 
large females. Anal fin usually with a 
diffuse, black spot or a diffuse, dusky 
band. Highland streams of the 
southern drainage of Sierra de los Or- 
ganos and the Isle of Pines (fig. 11 (2)). 
Girardinus microdactylus. 
9b.—Scales in 28 or 29 transverse rows. 
Teeth of outer row less broadly expanded 
subapically. Black spot on dorsal fin well 
defined, not diffuse or transformed into a 
median, cross band. Anal fin without 
black in females. Ponds, lakes and 
streams throughout the island, except the 
easternmost portion (fig. 11 (2)). 
Girardinus metallicus. 


cross 


NATURAL ANALYSIS OF THE TRIBE GIRARDININI 
BASED ON JUVENILE CHARACTERS 


Ja.—Pectoral rays 14 or 15 (Torus). 
2a.—Dorsal rays 8. 


Toxus serripenis. 
2b.—Dorsal rays 9. 
Toxus creolus. 
1b.—Pectoral rays 11 to 13. (Glaridichthys, allodon- 
tium, Dactylophallus, Girardinus. ) 
3a.—Teeth of outer row broadly expanded sub- 
apically, chisel-shaped, in contact and partly 
overlapping one another forming a rather even 
cutting edge. Gape of mouth markedly arched 
in front view. (Glaridichthys.) 
4a.—Origin of dorsal fin above middle of anal 
base or somewhat behind. Sides of body with 
a black spot in the middle, above anus. 
Glaridichthys uninotatus. 
4b.— Origin of dorsal fin above end of anal base. 
Sides of body without a black spot. 
Glaridichthys falcatus. 
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3b.—Teeth of outer row less broadly expanded 
subapically, cutlass-, knife,- or spear-shaped, 
more or less widely spaced, not forming a cut- 
ting edge. Gape of mouth straight or weakly 
arched in front view. (Allodontium, Dactylo- 
phallus, Girardinus.) 
5a.—Teeth of outer row symmetrically expanded 
subapically, spear-shaped, sharply pointed, not 
curved away from symphysis, strictly uniserial, 
not displaced in alternating pattern. Origin 
of dorsal fin in advance of middle of anal base. 
(Allodontium.) (Allodontium cubense.) 
5b.—Teeth of outer row asymmetrically expanded 
subapically, cutlass- or knife-shaped, not 
sharply pointed, curved away from symphy- 
sis, not strictly uniserial and displaced in alter- 
nating pattern. Origin of dorsal fin above 


middle of anal base. (Dactylophallus, 
Girardinus. ) 


6a.—Dorsal and anal fins without spots or 


bands. (Dactylophallus.) (Dactylophallus 
denticulatus. ) 


6b.—Dorsal and anal fins with a black, basal 
spot sometimes extended into a dusky, cross 
band on anal fin. (Girardinus.) 
7a—Scales in 30 or 31 transverse rows. 


Girardinus microdactylus. 
7b.—Scales in 28 or 29 transverse rows. 


Girardinus metallicus. 


PHYLOGENY 


The above diagnosis and analyses emphasize the 
compactness of the tribe Girardinini and indicate 
that differentiation among its members has pro- 
ceeded mainly along gonopodial and mouth charac- 
ters, especially the latter. It is also evident that 


indicated relationships remain the same, regardless 
of the method of analysis. 


As to the value of the characters in interpreting 
phylogeny, those of the gonopodium are perhaps 
more significant since they do not seem to be cor- 
related with ecological conditions and therefore 


may be considered as not directly adaptive. Dif- 
ferentiation along gonopodial characters is, in my 
opinion, indicative of isolation rather than adapta- 
tion to dissimilar ecological conditions. The taxo- 
nomic analyses indicate correlation between gono- 
podial and feeding characters, but this is to be 
expected since according to our present knowl- 
edge, speciation through ecological adaptation 
cannot be fully accomplished without the isolation 
factor. It is also significant that gonopodial dif- 
ferentiation does not proceed below the species 
level. 


A study of the developmental stages of the gono- 
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podium in the tribe Girardinini (fig. 5) reveals 
that the first character to appear is the distal con- 
striction and general shape of ray 3. This is fol- 
lowed by the formation of the serrae on posterior 
branch of ray 4 (Heterandrini stage), except in 
Toxus creolus. Then the serrae on the posterior 
branch of ray 5 begin to form, followed by the ap- 
pearance of an unpaired subterminal appendage 
on ray 3 (Allogambusia stage) which later de- 
velops into the diagnostic pair of finger-like ap- 
pendages, as the final stage of development. Modi- 
fication of the subterminal segments of ray 3 into 
supporting structures occurs before appearance of 
the subterminal appendage, and transformation of 
the terminal segment takes place simultaneously 
with the development of the finger-like appendages. 
During the early stages of development, the distal 
segments of ray 3 and anterior branch of ray 4 do 
not abruptly increase in length towards the middle 
of the branch. This primitive condition is re- 
tained in Toxus after full development of the 
gonopodium. 

Of the twelve gonopodial features found to show 
differentiation within the tribe, nine sharply sepa- 
rate the genus Toxus from the other members of 
the group. These nine features appear to be more 
fundamental structurally than those separating the 
other genera and species among themselves. On 
the basis of gonopodial characters, it is obvious 
that the genera Glaridichthys, Allodontium, Dacty- 
lophallus, and Girardinus, are much more closely 
related among themselves than with Torus. This 
strongly suggests two well defined primary phy- 
letic lines represented by Toxus and by the other 
members of the tribe (fig. 6), and long isolation 
between the ancestors of these lines during an 
early period of the history of the group. The 
gonopodium of Toxus seems to be much more 
primitive, and it is therefore reasonable to assume 
that, on the basis of gonopodial characters, this 
genus is much closer to the common ancestor of 
the tribe than any of the others. 

The presence of strong retrorse serrae on the 
posterior branch of ray 4 in Toxus serripenis and 
their absence in T. creolus, is difficult to explain. 
The relationships of the tribe Girardinini (see 
p. 294) which are traced to Central (Allogam- 
busia) and South America (Phalloceros), indicate 
that this character was already in the gonopodium 
of the ancestor of the tribe when it arrived in 
Cuba. On the basis of this character, Toxus ser- 
ripenis would seem to be more closely related to 
the other members of the tribe, than T. creolus. 
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Fic. 5. 
constriction of ray 3 begins to form. 
completed. 
drini stage). 
ray 5. 


Tip of ray 3 begins to bend inwards. 


of anterior branch of ray 5 become enlarged. 
divided (Allogambusia stage). 


On the other hand, the structure of the elbow-like 
swelling of posterior branch of ray 4 in T. creolus, 
seems to indicate closer relationship with the other 
members of the tribe than T. serripenis. Which, 
if any, of these characters is more indicative of 
relationship, is difficult to decide. It seems certain 
however, that the serrae on posterior branch of 
ray 4, were lost in Toxus creolus after its an- 
cestor was established and isolated in Cuba, and 
the species had acquired its tribal and generic 
characters. 

The representatives of the less primitive phy- 
letic line may be arranged on the basis of less 
fundamental gonopodial characters into two sec- 
ondary groups: one including Glaridichthys, and 
the other Allodontium, Dactylophallus, and Gi- 
rardinus (fig. 6). This suggests splitting of the 
population ancestral to these genera into two, after 
it became fully differentiated from the population 
ancestral to Toxus. These two populations must 
have been ecologically or geographically isolated 
for quite some time, as will be shown later. 





Developmental stages of the gonopodium of a typical girardinin fish (Glaridichthys uninotatus). 
Rays 4 and 5 remain unmodified. 
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(1) Distal 
(2) Distal constriction of ray 3 is 


Serrae begin to form on posterior branch of ray 4 (Heteran- 
(3) Tips of branches of ray 4 become arched. 


(4) Subterminal segments of ray 3 become modified into supporting structures. 


Serrae begin to form on posterior branch of 
Subterminal segments 


(5) Subterminal appendage on ray 3 is formed, but remains un- 
(6) Gonopodium fully developed. 


Owing to the nature of the structures involved, 
it is difficult to determine whether the gonopodium 
of Glaridichthys is more primitive than that of 
Allodontium, Dactylophallus, or Girardinus. The 
gonopodia of Glaridichthys uninotatus and G. 
falcatus are essentially similar, although that of 
G. falcatus seems to be somewhat more primitive. 
Glaridichthys is more closely related to Allodon- 
tium than to Dactylophallus and Girardinus. The 
analysis shows that, on the basis of gonopodial 
characters, Allodontium and Dactylophallus seem 
to be very closely related and to form a natural 
group distinguished from Girardinus. This very 
close relationship indicated by the gonopodium is 
not apparent on the basis of other characters which 
in this case would seem to carry more weight. 
Actually, Dactylophallus is much more closely re- 
lated to Girardinus than to Allodontium. 

Although essentially similar, the gonopodia of 
Girardinus microdactylus and G. metallicus differ 
markedly in certain qualitative characters suggest- 
ing long isolation as the causal factor. Girardinus 
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metallicus is the only member of the tribe in which 
the laterally diverging halves of the divided ter- 
minal segment of ray 3 are not developed into 
retrorse branches. In the light of other characters, 
this may be considered as an advanced feature. 
With the exception of Torus, Girardinus micro- 
dactylus is the only member of the tribe in which 
ray 3 of the gonopodium is not markedly bent in- 
ward at the base of the appendages. This charac- 
ter does not indicate, in my opinion, direct rela- 
tionship with Toxus, but rather a case of genetic 
recurrence. The gonopodium of Girardinus micro- 
dactylus however, seems to be more primitive than 
that of G. metallicus. 


Characters other than those of the gonopodium 
are in contrast markedly adaptive, especially those 
related to feeding and upon which generic differen- 
tiation is mainly based. As already indicated, the 
phylogenetic pattern of the tribe remains unaltered, 
regardless of the method of approach employed in 
analyzing divergence and relationships. This is 
significant in that the relationships, as indicated 
by both the gonopodial and non-gonopodial char- 
acters, must be true, as well as the taxonomic 
criteria for genera and species. Differentiation 


along feeding character is obviously indicative 
of adaptation to dissimilar environmental condi- 


tions. <A detailed study of correlation between 
morphology, behavior, and ecology is offered 
under postulate no. 3 (p. 305). 

An examination of the taxonomic analyses 
shows that the genus Toxus is again well dis- 
tinguished by a series of characters relating to 
the mouth, body, and fins. In Toxus, the struc- 
ture of the jaws, lips, and teeth is intermediate in 
relation to the other members of the tribe. The 
position of the mouth and preorbital sensory tube 
may be correlated with the structure of the head 
which is very convex dorsally, in conformity with 
that of the body whose axis is more straight than 
in any other member of the group. The general 
structure of the body, including the head, is well 
correlated with the habitat of the genus (rapid 
flowing highland streams). The rounded fins of 
Toxus are definitely primitive and unspecialized, 
although the larger pectorals seem to be correlated 
with swimming habits. The genus Torus may 
then be considered as a generalized, relict group, 
much more primitive and closer to the ancestral 
species than any other member of the tribe. Good 
proof of the generalized nature of Toxus is that 
it cannot be shown to be more or less related to 
any of the other genera. On the basis of charac- 
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ters other than those of the gonopodium, it is 
difficult to establish which of the two species of 
Toxus is more primitive, but, in the light of dis- 
tributional and ecological evidence, it would seem 
that T. serripenis is more primitive than T. creolus. 

The genera Glaridichthys, Allodontium, Dacty- 
lophallus, and Girardinus are distinguished almost 
exclusively on the basis of mouth characters. 
Glaridichthys is well differentiated from Allodon- 
tium, Dactylophallus, and Girardinus by mouth 
characters representing a definite, divergent trend 
in feeding habits, sharply contrasting with the 
trend represented by Dactylophallus and Girar- 
dinus. The mouth structure of Allodontium rep- 
resents a generalized, intermediate type between 
Glaridichthys and the Dactylophallus-Girardinus 
complex, more closely related to Dactylophallus 
and Girardinus than to Glaridichthys. In general 
proportions, body and fin shape, and coloration 
pattern, Allodontium is also an intermediate, gen- 
eralized type showing a slightly higher degree of 
relationship with Glaridichthys. In the number 
of branched caudal rays (12), the relationships 
are with Glaridichthys. It may be assumed there- 
fore, that Allodontium is an intermediate general- 
ized form, more primitive than Glaridichthys, 
Dactylophallus, and Girardinus, and closer to 
their common ancestor. 

Glaridichthys falcatus is more closely related 
to Allodontium than Glaridichthys uninotatus and 
therefore more primitive than the latter. The 
morphology, ontogeny, behavior, and ecology of 
these species suggest that Glaridichthys uninotatus 
was evolved through transformation of a species 
close to G. falcatus, chiefly through environmental 
pressure. 

Dactylophallus is more primitive and closer to 
Allodontium than Girardinus. Dactylophallus and 
Girardinus are closely related, and ontogenetic 
studies suggest that either Girardinus was derived 
from Dactylophallus or, more likely, that the latter 
is much closer to their common ancestor than 
Girardinus. 

Glaridichthys uninotatus and Girardinus metal- 
licus may be considered as the present end points 
of two phyletic lines, each representing a diverg- 
ing, adaptive speciational trend, and derived 
through Allodontium from the less advanced, pri- 
mary phyletic line represented by Toxus. Girar- 
dinus metallicus is the most advanced and spe- 
cialized member of the tribe Girardinini and Toxus 
serripenis the most primitive. A pictorial phy- 
logeny of tribe Girardinini is given in fig. 6. 
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Fic. 6. Phylogeny of the tribe Girardinini. 


(See also fig. 13.) 


The width of the phyletic lines is proportional to 


the assumed size of the population at the given period. See text for further explanation. 


RELATIONSHIPS 


Comparison of the tribe Girardinini with all the 
other members of the subfamily Gambusiinae 
(see Hubbs, 1924: 7-11) shows that its relation- 
ships are much closer to the monotypic genera 
Allogambusia (tridentiger, Garman, 1895: 89) 
and Phalloceros (caudomaculatus, Hensel, 1868: 
362), of the tribes Heterandrini and Cnesterodon- 
tini respectively, than to any other member of 
the subfamily. Allogambusia tridentiger occurs 
in Central America and its range comprises both 
slopes of Panama. 
occurs in 


Phalloceros caudomaculatus 
southeastern South America, and its 
known range comprises southern Paraguay, north- 
eastern Argentina, and southern Brazil and 
Uruguay, from Rio de Janeiro to the La Plata 
River. 

Hubbs (1926: 58) stated that the tribe Girardi- 
nini is an offshoot from the Heterandrini, and 
that (loc. cit.: 56) Allogambusia, “In the develop- 
ment of the process of ray 3 resembles the 
Girardinini.”. He was uncertain, however, as to 
whether or not this character is indicative of 
actual relationship. The relationships between 


the tribes Girardinini and Cnesterodontini have 
never been pointed out or discussed, although 
Phalloceros caudomaculatus was originally de- 
scribed under Girardinus and later also included 
under Glaridichthys by various authors without 
comment. Eigenmann (1907) correctly removed 
caudomaculatus from Girardinus, made it the type 
of Phalloceros and compared it with Torus, 
Glaridichthys, and Girardinus, but without com- 
ment. Henn (1916: 124) compared Phalloceros 
with Glaridichthys and Girardinus, but offered no 
comment as to their relationships. Hubbs (1924: 
7-11) correctly included Phalloceros and allied 
genera in a distinct, separate group (tribe Cnes- 
terodontini). The evidence presented in this 
study shows that both the tribes Girardinini and 
Cnesterodontini are offshoots from the tribe 
Heterandrini. 

A detailed comparative study (fig. 7) of the 
gonopodia of Allogambusia, Phalloceros, and the 
Girardinini (Toxus) shows the following signifi- 
cant structural similarities. The distal constric- 
tion of ray 3 follows the same pattern and is a 
fundamental feature common to the three groups. 
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The anterior edge of this constricted area is crenu- 
late in Allogambusia, slightly so in Phalloceros, 
and although smooth in most adult Girardinini it 
is crenulate in the intermediate stages of develop- 
ment of the gonopodium and in the adult of 
Toxus. The distal segments of ray 3 and anterior 
branch of ray 4 are short and increase gradually 
in size in Allogambusia, Phalloceros, and Toxus. 
Beginning at the area of constriction, ray 3 in all 
three groups develops a sharply edged flange an- 
teriorly. In Allogambusia, there is a single, sub- 
terminal finger-like appendage on ray 3, in the 
same position and direction as the pair in the 
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Fic. 7. Comparison of the gonopodia of: A, Allogam- 
busia, B, Phalloceros, and C, Toxus. (1) Finger- 
like appendages. (2) Last segment of ray 3. (3) 
Subterminal segments of ray 3, modified into sup- 
porting structures. (4) Crenulations on anterior 
edge of ray 3. (5) Gradual increase in size of 
distal segments of ray 3. (6) Gradual increase in 
size of distal segments of anterior branch of ray 4. 
(7) Serrae on posterior branch of ray 4. (8) Dis- 
tal constriction of ray 3. (9) Anterior edge of ray 


3 flanged. (10) Pigmentation of ray 3 in Phalloceros 
and Toxus. 
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Girardinini, The last segment of ray 3 in Allo- 
gambusia is unmodified, but in Phalloceros and 
the Girardinini it is divided into two diverging 
halves which are prolonged into membranous ap- 
pendages, greatly developed in Phalloceros and 
much reduced in the Girardinini. The segments 
at the base of the subterminal appendages of ray 3 
in Allogambusia and in the Girardinini and those 
at the base of the terminal appendages in Phallo- 
ceros are modified into a supporting structure 
much the same way in all three groups. The 
anterior branch of ray 4 is much thicker than the 
posterior branch in the three groups, and both 
branches are characteristically and significantly 
separated distally with their tips slightly bent to- 
wards ray 3, in Phalloceros and in the Girardinini. 
The tip of the anterior branch of ray 4 is in con- 
tact with the tip of ray 3 in Phalloceros and in 
the Girardinini. The posterior branch of ray 4 
has several pairs of retrorse serrae in the three 
groups (except Toxus creolus) and is constricted 
distally in Phalloceros and in the Girardinini. The 
anterior branch of ray 5 is similar in Allogambusia 
and Phalloceros, as well as the posterior branch, 
but in the Girardinini the anterior branch is more 
or less club-shaped by enlargement of some of its 
subterminal segments, and the posterior branch 


has several of its subterminal segments, each 


modified into a pair of retrorse serrae. In Phallo- 
ceros and the Girardinini, ray 3 is pigmented 
axially with melanophores in the same manner 
(see diagnosis, p. 286). This fundamental feature 
is not shared with any other member of the family 
Poeciliidae. 

The modification of the distal end of ray 3 in 
Allogambusia, in the Girardinini, and in Phallo- 
ceros indicates relationship and a definite evolu- 
tionary trend, especially in the light of the other 
gonopodial characters. The simple appendage of 
ray 3 in Allogambusia would seem to represent 
the primitive stage of the more developed paired 
appendages of the Girardinini. This is confirmed 
by the development of the gonopodium in the 
Girardinini (see p. 290 and fig. 5) which shows 
that the finger-like appendages originate as a 
simple, shorter structure (Allogambusia stage) 
like that of Allogambusia. The modification of 
the terminal segment of ray 3 in the Girardinini, 
apparently represents an intermediate stage be- 
tween Allogambusia and Phalloceros, the latter 
representing a final stage of distal migration and 
consolidation of the subterminal appendages with 
the modified terminal segment as it now appears 
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in the Girardinini. The greater development of 
the terminal appendages and the modification of 
the segments immediately below, into a supporting 
structure (as in Allogambusia and the Girardinini ) 
in Phalloceros, seem to confirm this assumption. 

There are at least six fundamental gonopodial 
characters common to Allogambusia, Phalloceros, 
and the Girardinini. Eighteen characters are 
common to Phalloceros and the Girardinini, seven 
to Allogambusia and the Girardinini, and eight to 
Allogambusia and Phalloceros. The fundamental 
structures associated with rays 3 and 4 of the 
gonopodium may be considered as homologous in 
the three groups and the immediate relationship 
and common origin of Allogambusia, Phalloceros, 
and the Girardinini definitely established. The 
relationships between the three groups, are shown 
in the following natural analysis based on gono- 
podial characters. 


la.—Terminal segment of ray 3 not modified. An- 
terior branch of ray 4 reaching well beyond the 
posterior branch, with two of its subterminal seg- 
ments modified into an elbow-like swelling. Tip 
of ray 3 not in contact with tip of anterior branch 


of ray 4. Posterior branch of ray 4 not con- 


stricted distally, reaching beyond tip of ray 3, 
without serrae on its two terminal segments. 


Ray 
pigmented axially with melanophores. 
Gonopodium shorter, about 40 per cent of the 
length of the body without caudal, not reaching to 
vertical from posteriormost point of dorsal fin; its 
insertion nearer anterior margin of 
origin of dorsal fin. 


3. not 


orbit than 


Allogambusia. 
1b.—Terminal segment of ray 3 more or less trans- 
verse in position, divided, each half prolonged into 
a more or less elongate, membranous appendage. 
Anterior branch of ray 4 about as long as the pos- 
terior branch; none of its segments modified into 
an elbow-like swelling. Tip of ray 3 in contact 
with tip of anterior branch of ray 4. Posterior 
branch of ray 4 constricted distally, not reaching 
beyond tip of ray 3, without serrae on ten or more 
of its terminal segments. Ray 3 pigmented axially 
with melanophores. Gonopodium longer, more 
than 40 per cent of the length of the body without 
caudal, reaching beyond vertical from posterior- 
most point of dorsal fin, its insertion nearer origin 
of dorsal fin than anterior margin of orbit. 
2a.—Subterminal finger-like appendages of ray 3 
free, not consolidated with those of the terminal 
segment and separated from them by 4 to 6 seg- 
ments. Terminal appendages of ray 3 more or 
less weakly developed. Subterminal segments of 
anterior branch of ray 5 more or less enlarged, 
the distal end of the branch club-shaped. Pos- 
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terior branch of ray 5 about as long as the an- 
terior branch; several (5 to 16) of its subter- 
minal segments, each modified into a pair of 
strong, retrorse serrae. 
Tribe Girardinini. 
2b.—Subterminal finger-like appendages of ray 3 
not free; consolidated with those of the terminal 
segment. Terminal appendages of ray 3, strongly 
developed. Subterminal segments of anterior 
branch of ray 5 not enlarged, the distal end of 
the branch not club-shaped. Posterior branch 
of ray 5 shorter than the anterior branch; with- 
out serrae. 


Phalloceros. 


The gonopodial suspensorium is essentially 
similar in Allogambusia, Phalloceros, and the 
Girardinini, but in Allogambusia and Phalloceros 
the gonapophyses are more slender and the para- 
pophyses somewhat less developed and higher. 

Comparison of the members of the tribe Girar- 
dinini with Allogambusia and Phalloceros on the 
basis of characters other than those of the gono- 
podium also indicates common origin and imme- 
diate relationship in these groups. In the mark- 
edly adaptive mouth characters, Phalloceros is 
similar to Dactylophallus and Girardinus, and, 
with the exception of the primitive, open preorbital 
sensory groove and the number of dorsal rays 
(usually 7), it falls within the range of variation 
of the tribe Girardinini in all other quantitative 
and qualitative, non-gonopodial characters. There 
is, however, a combination of characters that dis- 
tinguish Phalloceros at sight from the tribe Girar- 
dinini. Allogambusia resembles Tous and Glari- 
dichthys in mouth structure, but the teeth are of 
a primitive, generalized type, subconical, some- 
what compressed, rather widely spaced and firmly 
set in the jaws. In general shape of the body and 
fins, Allogambusia resembles Toxus. The pre- 
orbital sensory organ in Allogambusia is an open 
groove as in Phalloceros and the juvenile stages 
of the tribe Girardinini. The dorsal fin has only 
7 rays and the vertical cross bars on the sides of 
the body are narrower and better defined than 
in the tribe Girardinini. In the number of anal, 
caudal, and pectoral rays, scales, gill rakers, and 
vertebrae, Allogambusia -is within the range of 
variation of the tribe Girardinini. 

On the basis of gonopodial and other characters, 
it seems that Allogambusia is much more primitive 
than Phalloceros, the tribe Girardinini and the 
common ancestor of the last two groups. Phallo- 
ceros has retained certain primitive features of the 
gonopodium (ray 5 and segmentation of ray 3 and 
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anterior branch of ray 4) and the primitive char- 
acters involving the grooved preorbital sensory 
organ and the reduced number of dorsal rays. The 
tribe Girardinini has become specialized in ray 5 
of the gonopodium, but there is indication of reduc- 
tion in the serrae on posterior branch of ray 4. 
Toxus has retained the primitive segmentation of 
ray 3 and anterior branch of ray 4. 

The common ancestor of the tribe Girardinini 
may be hypothetically reconstructed as a form in- 
termediate between Allogambusia and Toxus, and 
very similar to the juvenile stage of the latter. Its 
characters and isolated geographical distribution 
indicate that Phalloceros is not an intermediate 
link between Allogambusia and the tribe Girardi- 
nini, but the present stage of a separate phyletic 
line very close to the latter group, derived from 
the same common ancestor, and persisting as a 
relict form. This is in accordance with Darling- 
ton’s comments on “continuity of area” (1948: 3). 

The taxonomic and geographical relationships 
between Allogambusia and the tribe Girardinini 
indicate that the ancestor of the Cuban group 
came from Central America. In fact, it is gen- 
erally agreed that all the poeciliid fishes of Cuba 
and most of the other animals now occurring on 
the island, were derived in the past from Central 
America (Eigenmann, 1903; Schuchert, 1935; 
Myers, 1938). As pointed out by Darlington 
(1938: 287), the fauna of the West Indies was 
derived by immigration and not by partial extinc- 
tion of a larger fauna of continental type. This 
is shown by the orderly distribution and relation- 
ships of animals “along what appear to be original 
migration routes.” There is disagreement, how- 
ever, as to the manner fresh-water fishes reached 
the island of Cuba. 


2. THE MIGRATION WAS EFFECTED THROUGH 
FRESH WATER, BY MEANS OF A LAND 
CONNECTION BETWEEN EASTERN 
YUCATAN—BRITISH HONDURAS 
AND WESTERN CUBA 


MEANS OF DISPERSAL 


There is disagreement among students of West 
Indian zoogeography as to the manner poeciliid 
fishes (or their ancestors) now living in the fresh 
waters of Cuba and other Antilles reached these 
islands from Central America. 

Eigenmann (1903: 221) rapidly dismisses the 
problem by stating that: “The origin of the Cuban 
fresh water fish fauna . . . is simple of explanation 

. and that these forms probably reached Cuba 
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by way of Yucatan.” Matthew (1915: 35, 36) 
considers Cuba as an oceanic island and concludes 
that its fauna, including the fresh-water fishes, was 
derived from Central or South America by over- 
sea migration. Barbour (1916: 2, 5) in criticism 
of Matthew takes an opposite view and states 
that “. . . the presence of . . . cyprinodont fishes 
| Poeciliidae] and many other groups of delicate 
organisms which are balanced to one particular 
environment cannot by any stretch of the imagi- 
nation be distributed by flotsam and jetsam 
methods.” Schuchert (1935: 106, 107) concludes 
that thirteen out of fourteen students of West 
Indian zoogeography “. . . see in both the faunal 
and floral biotas unmistakable evidence for more 
or less of migration via land from Central 
America.” Darlington (1938) discussed in detail 
the origin of the fauna of the Greater Antilles and 
concludes that their animals, including poeciliid 
fishes, migrated to Cuba from Central America 
across water gaps, through the air by means of 
storms or through the sea by rafting or actual 
swimming. According to Darlington (Joc. cit.: 
284) “neither Dr. Barbour nor Dr. Hubbs thinks 
it likely that freshwater fishes have reached the 
Antilles through the air.” Myers (1938) dis- 
cussed :he geographical distribution of fresh-water 
fishes in the West Indies and called attention to 
their importance in approaching zoogeographical 
problems. Although he did not come to any defi- 
nite conclusions, it may be inferred from his paper 
that he does not think that fresh-water fishes, 
especially those of the tribe Girardinini, reached 
Cuba through the air or by the rafting method 
(loc. cit.: 343, 356), and that they might have 
reached the island by means of a land connection 
with Central America (Joc. cit.: 362). 

The possibility of transportation of small fresh- 
water fishes across water gaps in the past from 
Central America to the Greater Antilles through 
the sea and through the air by means of storms 
has been recently discussed in detail and accepted 
by Darlington (1938). My studies, however, in- 
dicate that the ancestor of the tribe Girardinini 
could not have reached Cuba by these means of 
dispersal as will be shown in 
discussion. 

According to Darlington (1938: 277), the real 
differences between animals dispersed over water 
gaps and those dispersed over land connections 
are to be looked for in the “nature” of the organ- 
ism and the “details” of its distribution. In other 
words, whether or not the animal is of a kind 


the following 
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easily dispersed over water and found on oceanic 
islands, or whether its distribution reflects the 
widths of water gaps and the direction of winds 
and currents at present as well as in the past. 

Transportation of eggs by attachment to the feet 
of birds or by storms may be dismissed at the 
outset since the fishes of the tribe Girardinini, like 
all the other poeciliids, are ovoviviparous. 

Intense exploration and observation in the field 
by the present writer and others, covering all types 
of habitats and seasons throughout the entire island 
of Cuba during many years, have failed to produce 
fishes of the tribe Girardinini from salt, brackish, 
or fresh water with a Cl content higher than 1,000 
parts per million (19,000 parts per million in full 
strength sea water). The greater number of spe- 
cies occurs between 100 and 500 feet above sea 
level (see table 2), and none have been found to 
occur below 5 feet. Every year during the rainy 
season, steep streams containing girardinin fishes 
become torrential and many individuals are car- 
ried down and killed by the force of the current, 
predaceous fishes, or the increased salinity. There 
are many streams of this kind in Cuba, and it 
would seem logical to assume that, since most of 
these fishes are not lovers of fast water, at least 
some of the species would have adapted themselves 
to the less turbulent estuarine conditions. They 
have failed to do so, however, apparently owing 
to competition, predator pressure, increased salin- 
ity, or a combination of these factors. 

Laboratory experiments by me have shown 
that transfer from fresh to full strength sea water 
will invariably kill girardinin fishes in 30 to 90 
minutes. Analyses of water samples obtained in 
the field during several years throughout the island 
of Cuba, at various altitudes and types of habitat, 
reveal that the fishes of the tribe Girardinini nat- 
urally inhabit waters of a Cl content ranging from 
20 to 1,000 parts per million (usually 25 to 50 
and very rarely above 100). To these salinities 
corresponds a pH range of 6.25 to 7.75, with an 
average of 7.25. 

Myers (1938: 342-345; 1949) groups fresh- 
water fishes according to their ability to survive 
in salt water into “primary” and “secondary divi- 
sions.” He includes in his primary division fishes 
which “are very strictly confined to fresh water” 
and considers the family Poeciliidae as a member 
of the secondary division of fishes which “behave 
like true fresh-water fishes, but . . 


4 The effect of the tides is never felt in Cuban streams, 
above 3 feet. 


. show a less 
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sharp restriction to fresh water.” He (1938: 344, 
footnote) admits that a few members (characins, 
carps, catfishes ) of his strictly fresh-water primary 
division “enter brackish water in estuaries, but 
none is known to be able to survive in the sea for 
more than a few hours” (see also Gosline, 1944: 
214; and Darlington, 1948: 8). These fishes 
belong to the “primarily fresh-water order” 
Ostariophysi which, incidentally, comprises more 
than 100 species of strictly marine catfishes 
(Dorichthyidae, Ariidae, Plotosidae) derived from 
fresh-water ancestors. 

About 90 per cent of the some 140 known 
species of poeciliid fishes are strictly confined to 
fresh water and the few forms found in brackish 
or salt water also occur and are more abundant 
in fresh water. The primitive poeciliid Curtipenis 
elegans ancestral to Mollienisia and Limia of 
which some species can, and do, live in salt water 
(M. latipinna, L. vittata), behaves as a strictly 
fresh-water fish confined to the mountain streams 
of the island of Hispaniola (Rivas and Myers, 
1950: 294). There is reason to believe that 
poeciliid fishes originated and have remained con- 
fined to fresh water until comparatively recent 
times when a few forms have partially succeeded 
in adapting themselves to the coastal marine 
habitat in very shallow protected waters never far 
from estuaries. The fishes of the tribe Girardinini 
never voluntarily enter even brackish water and 
are unable to survive in sea water for more than 
90 minutes as already indicated. Myers’ state- 
ment (1938: 356) that “the most striking feature 
of the fresh-water fish fauna of the West Indies 
is the complete absence of members of the primary 
division of fresh-water fishes . . .” should there- 
fore be considered with caution. As pointed out 
by Simpson (1952: 169) some confusion has 
arisen from failure to be certain that particular 
groups (for instance among fresh-water fishes) 
really belong in the category of organisms that 

. cannot live long or develop normally in, on, 
or above the sea, let alone maintain populations 
there.” 

Paleontological and paleoecological evidence have 
demonstrated that inability to survive in sea water 
of fresh-water groups is a physioecological char- 
acter that requires a long time (measurable in 
geologic periods) to be acquired or lost. It cer- 
tainly would take longer than the assumed age of 
the tribe Girardinini which is estimated to have 
originated sometime during the Late Miocene or 
Early Pliocene (see p. 315). Characins are known 
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to have existed as fresh-water fishes since the 
Eocene, and Smith Woodward (in Regan, 1908) 
has stated that “ all fossil Cyprinodonts known are 
from fresh-water or estuarine deposits, chiefly lake 
deposits.” 

It seems to me that similarly important factors 
other than the ability of certain fresh-water fishes 
to survive in sea water have been completely ig- 
nored in attempting to solve the problem of the 
derivation of small, delicate forms like those of 
the Cuban tribe Girardinini. I refer in particular 
to their narrow bathic and food restrictions. Ob- 
servations in the field and in the laboratory indi- 
cate that the fishes of the tribe Girardinini are 
strictly stenobathic and apparently sensitive to 
pressure. They seldom occur at the surface and 
never at depths of more than six feet. The pre- 
ferred zone seems to be between six inches and 
four feet, according to the nature of the bottom, 
the type of aquatic vegetation and the depth of the 
water. They do not occur in open water and never 
voluntarily stray more than about twenty feet 
from the shore or travel long distances along the 
bank. As demonstrated by their mouth structure, 
observed behavior, and examination of stomach 
contents, girardinin fishes are phytophagous, lim- 
nophagous, or both, and strictly dependent on 


muddy bottom and/or the aquatic vegetation for 


food and protection. They do not occur in situa- 
tions where mud and aquatic vegetation are en- 
tirely absent (see also comments by Schaeffer, 
1952: 228, on primary fresh-water fishes). 

Hubbs (in Darlington, 1938: 284) suggested 
“that some or all of the few sorts of freshwater 
fishes which have reached Cuba could live for 
sometime in sea water, and that they may possibly 
have crossed through the sea, possibly at a time 
when heavy rains or a large river had somewhat 
sweetened the sea’s surface.” Hubbs probably 
did not know at the time that girardinin fishes 
cannot live in sea water, and that even if they 
could, their delicate structure and narrow bathic 
and food limitations would have amply prevented 
their crossing a wide water gap. It must not be 
forgotten that fresh-water forms, especially those 
like girardinin fishes are securely bound to the 
land, and that on the land, “they are inescapably 
confined to their own particular drainage systems 
and can migrate from one isolated stream basin 
to the next only through the slow physiographical 
change of the land itself,” as appropriately pointed 
out by Myers (1938: 343). 

As already indicated in the first postulate 
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(p. 282), the ancestor of the tribe Girardinini 
must have been of a type intermediate between 
Allogambusia tridentiger of Panama and the genus 
Toxus and essentially similar to Allogambusia and 
the present members of the tribe in its general 
ecological limitations. The most primitive mem- 
ber of the tribe (Toxus serripenis) is well adapted 
to, and isolated in, the headwaters of Rio Taco 
Taco (800 to 1,000 feet above sea level) in the 
southern drainage of the province of Pinar del Rio, 
above and by a series of adjacent water falls total- 
ling about 300 feet in height, and absolutely im- 
passable to fishes. These falls are located in the 
oldest region of Cuba and are believed to have 
existed (at least as a barrier to poeciliid fishes) 
since the Pleistocene. 

Correlation of the phylogenetic history of the 
members of the tribe Girardinini with their habits, 
altitudinal and geographical distribution indicates 
early radiation (primary phyletic lines) and dis- 
persal from a highland habitat towards the low- 
lands, and subsequent reinvasion of the highlands 
and horizontal dispersal by stream capture or 
periodic flooding of the lowlands, not along coastal 
waters. It is also significant that Allogambusia 
tridentiger, which as a primitive form closely 
related to the ancestor of the tribe Girardinini, 
occurs in the highlands on both slopes of Panama, 
thus indicating long confinement in fresh water 
and dispersal by stream capture. 

There is therefore, no evidence for assuming 
that the ancestor of the tribe Girardinini could 
have reached Cuba via salt water and then worked 
its way upstream, especially at a time (Upper 
Miocene and/or Lower Pliocene) when there was 
no coastal plain and the streams were probably 
impassable to poeciliid fishes. The isolated taxo- 
nomic and geographic position of the tribe in the 
fresh waters of Cuba, its inability to survive in 
sea water, and its narrow bathic and food limita- 
tions are strong evidence that these fishes have 
been confined to the island for a long time and 
could not, and probably have not crossed water 
gaps to or from Yucatan, Florida, Hispaniola, 
or Jamaica. 

Dispersal through the air of girardinin and 
other poeciliid fishes from Central America to the 
Greater Antilles by hurricanes *® or water spouts 


5 Hurricanes are rotary, circular tropical storms with 
a calm center and up to 500 miles in diameter. They 
are frequent in the West Indian region, especially during 
August through October. In the northern hemisphere, 
the winds rotate counterclockwise about the center of 
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TABLE 1 


FISHES OF THE FAMILY POECILIIDAE OCCURRING ON 
EACH SIDE OF THE YUCATAN CHANNEL 


Western Cuba 


Outer Yucatan (Hubbs, 1936) 


Subfamily Gambusiinae 
Tribe Gambusiini 
Genus Gambusia 
G. punotata 
G. puncticulata 
Tribe Quintanini 
Genus Quintana 
Q. atrizona 
Tribe Girardinini 


Subfamily Gambusiinae 
Tribe Gambusiini 
Genus Gambusia 
G. nicaraguensis 
G. yucatana 
Genus Belonesox 
B. belizanus 
Tribe Heterandrini 
Genus Pseudoxiphophorus 
P. bimaculatus Genus Toxus 
Subfamily Poeciliopsinae T. serripenis 
Genus Allophallus T. creolus 
A. kidderi Genus Glaridichthys 
Subfamily Poeciliinae G. uninotatus 
Tribe Poeciliini G. falcatus 
Genus Mollienesia Genus Allodontium 
M. sphenops A. cubense 
M. latipinna Genus Girardinus 
M. velifera G. microdactylus 
G. metallicus 
Subfamily Poeciliinae 
Tribe Poeciliini 
Genus Limia 
L. vittata 


does not seem to have been possible in the past, 
nor is it possible at present for reasons already 
discussed and the following. 

As correctly indicated by Darlington (1938: 
279 and fig. 1) . any hurricane which passes 
through or near the Yucatan Channel may cause 
a wind to blow for a time from Yucatan to Cuba, 
no matter in what direction the storm center is 
moving.” This water gap (about 110 nautical 
miles in width) is precisely the area in the West 
Indies where hurricanes are strongest and pass 
more frequently. 


An analysis of the poeciliid 
fauna of either 


side of the Yucatan Channel 
(table 1) does not show any evidence of over 
water dispersal through the air or through the 
sea at present or during the recent past. The 
only genus (Gambusia) common to Yucatan and 
western Cuba includes well distinct and not very 
closely related species in those regions, and, in 
spite of how infrequent or sporadic such a method 
of dispersal might be, hurricanes certainly are 


the storm and may reach a velocity of 200 miles per hour 
or more. The velocity of progression averages about 
12 miles per hour. See also Darlington, 1938: 278-282. 

® The direction and velocity of the Gulf Stream repre- 
sent additional evidence against the possibility of actual 
swimming across the Yucatan Channel by poeciliid fishes. 
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not so selective as to have transported only Gam- 
busia across the Channel in one direction. The 
same reasoning applies to other water gaps be- 
tween Central America and the Greater Antilles 
or between the latter themselves. As to better 
conditions for hurricane dispersal during the less 
recent past (see Darlington, 1938: 298, fig. 5), 
it must be remembered that the outer Yucatan 
Peninsula has existed only since the Pleistocene, 
and that its present poeciliid fauna is the product 
of a comparatively recent migration from the ad- 
jacent regions of Central America as clearly indi- 
cated by its relationships (Hubbs, 1936: 160). 
The land connection between British Honduras 
and western Cuba postulated in the present paper 
(see p. 302), is assumed to be a comparatively 
ancient one which existed at a time (Upper Mio- 
cene or Lower Pliocene) when probably only a few 
poeciliids, including the old girardinin ancestor, 
existed and the family was beginning to disperse. 

In trying to prove a direct dispersal of animals 
(including poeciliid fishes) through the air by 
hurricanes, from Central America to the Greater 
Antilles, Darlington (1938: 279) offers the fol- 
lowing statement : 


Besides the few hurricanes which have traveled 
from the present boundaries of Central America to 
the Greater Antilles, others have crossed from above 
the submerged Honduras-Nicaraguan banks to the 
islands. If these banks were elevated, as geologists 
suppose they were, the number of storms crossing 
from the mainland to the islands would be increased. 


I agree with the above statement, except its 
implication that the poeciliid fishes of Cuba might 
have been derived directly from the Honduras- 
Nicaraguan region through the air by means of 
these hurricanes, as shown in his map (loc. cit.: 
278, fig. 1). There is no direct relationship be- 
tween the poeciliid fishes of Cuba and those of 
Central America indicating the possibility of such 
a dispersal at present or during the recent past. 
Furthermore, his paleogeographic map (loc. cit.: 
298, fig. 5) of the western Caribbean region shows 
too close an approximation between Cuba and 
Central America by including Misteriosa Bank as 
a part of the emerged Honduras-Nicaraguan Bank 
in contradiction with the geological evidence 
(Schuchert, 1935). Misteriosa Bank lies about 
100 nautical miles north of the Honduras-Nica- 
raguan Bank and is separated from the latter by 
the middle Caribbean basin (western extension of 
the Bartlett Deep) with maximum depths of over 
3,000 fathoms (average depth 1,500 fathoms). I 
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do not understand why Darlington should cor- 
rectly indicate the islands of Little Cayman and 
Cayman Brac as part of eastern Cuba during that 
time, and leave the island of Grand Cayman 
submerged. 

According to Darlington’s mathematical inter- 
pretation of dispersal across water gaps, and to 
his meteorology and paleogeography (1938: 274- 
276, 298, fig. 5), the poeciliid fauna of western 
Cuba should exhibit a greater, or at least the 
same degree of relationship with Honduras- 
Nicaragua, as that of Jamaica and Hispaniola. 
The truth is that the poeciliid fauna of western 
Cuba is much less related to that of Honduras- 
Nicaragua than that of Jamaica and Hispaniola. 
As far as Cuba is concerned, this does not support 
his statement ( Joc. cit.: 283) that “. .. the known 
facts suggest that the position of the islands, with 
the narrowest water gap on the Central American 
side in the past, and the direction and nature of 
storms, have favored immigration of organisms 
into the Greater Antilles chiefly from Central 
America, even if there has never been a complete 
land. connection.” Furthermore, the absence of 
Mollienisia in Jamaica and its presence in His- 
paniola and the Honduras-Nicaragua region con- 
tradicts his statement (loc. cit.: 276) that 

. organisms which are dispersed across water 
from a continent to a series of islands are... . 
likely to reach the nearest islands first and very 
unlikely to skip near and populate far islands 
directly.” The absence of Mollienisia in Jamaica 
may be explainable on paleogeographic grounds 
other than the width of present or past water gaps, 
but that is beyond the scope of this present work. 

Darlington’s efforts to prove that poeciliid fishes, 
among other small animals, may have been dis- 
persed through the air in the past by hurricanes 
seem to be also weakened by several paleoclimatic 
factors. He correctly admits that in the past, 
meteorological conditions in the Antillean region 
were “very different from what they are now,” 
and that “Before the Pleistocene, the climate of 
the whole world was much more uniform than it 
is now.” But these statements (1938: 283) were 
aimed to prove that the direction of progression 
of hurricanes had been more erratic in the past, 
and overlooked or ignored the possibility that 
these storms could have been also much less fre- 
quent and strong. I do not see how erratic dis- 
persal can be reconciled with the orderly distribu- 
tion and relationships of the West Indian fauna. 

Water spouts are known to be responsible for 
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the transportation of small fishes through the air 
(Gudger, 1921, 1929a, 1929b, 1946; Bajkov, 1949). 
Their effect is very local, however, and as pointed 
out by Myers (1938: 343): “. . . fish distribution 
is much more regular and understandable than it 
would be if these unusual methods of transporta- 
tion were of much importance.” In spite of the 
common occurrence of water spouts in Cuba, the 
geographical distribution of the fishes of the tribe 
Girardinini is too well correlated with the physio- 
graphic history of the island even to suggest the 
possibility of dispersal by those storms. Water 
spouts are always short-lived and do not carry for 
more than a few miles. There are no “rains of 
fishes” reported from Cuba. 

In addition to the arguments already discussed, 
one of the strongest objections to over-water dis- 
persal of West Indian poeciliid fishes is the pres- 
ence of certain species on one of both sides of a 
water gap and their absence on the other, even 
when conditions seem to be most favorable for 
such a kind of dispersal. Poecilia vivipara® is a 
fresh- and salt-water poeciliid abundantly dis- 
tributed in Puerto Rico and entirely absent in 
Hispaniola (and westward) in spite of the fact 
that ocean currents and prevailing (trade) winds 
steadily flow from the former to the latter island 
across Mona Passage (fig. 8 (1)). The normal 
movement of hurricanes is also from Puerto Rico 
to Hispaniola. One or two species of Gambusia 
are commonly found in salt water along the coast 
of eastern Hispaniola and yet the genus is entirely 
absent in Puerto Rico and eastward. Mona Pas- 
sage is the shallowest and one of the narrowest 
water gaps in the West Indies. The shortest 
distance between Hispaniola (Cabo Engafio) and 
Puerto Rico (Punta Jiguera) is of about 60 
nautical miles and the maximum depth about 290 
fathoms (average depth about 100 fathoms). The 
comparatively large Mona Island situated about 
halfway between Puerto Rico and Hispaniola 
could even be considered as a suitable “stepping 
stone” for an over-sea migration of Poecilia or 
Gambusia by reducing the width of the gap more 
than 30 miles. The shortest distance between the 
insular shelves of Puerto Rico and Hispaniola is 
28 nautical miles. These conditions are certainly 
better for oversea dispersal of poeciliid fishes than 
those theoretically proposed by Darlington (1938: 


7 This is the only species of the family Poeciliidae, in 
fact, the only cyprinodont known from Puerto Rico 
(Evermann and Marsh, 1902: 97. Nichols, 1929: 210. 
Hildebrand, 1935: 51). 
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Fic. 8. (1) Mona Passage and neighboring areas. 


(From U. S. Navy Hydrographic chart No. 5487.) 


CUBAN POECILIID FISHES 


The genera 


Gambusia, Limia (Poeciliidae), and Cichlastoma (Cichlidae) are present in Hispaniola but absent in Puerto Rico. 


Poecilia vivipara (Poeciliidae) is present in Puerto Rico but absent in Hispaniola. 


either side of Windward Passage below. 
Hydrographic chart No. 5487.) 
common to Cuba and Hispaniola. 


298 and fig. 5) for the past. As far as poeciliid 
fishes are concerned, there are no species common 
to the mainland and the islands or occurring on 
more than one island. 

Darlington (1938: 285) argues that absence of 
the same species on each side of a water gap is 
no proof that animals cannot cross it, because 
water gaps would only occasionally allow the 
crossing of one or very few individuals which 
would not introduce enough germ plasm to inter- 
fere with divergence. His reasoning is sound as 
far as interfertile species are concerned, but it 
does not explain the unequal number of species of 
poeciliid fishes on each side of every water gap 
in the West Indies, or conditions such as those 
found on each side of Mona Passage. Poecilia 
and Gambusia are not interfertile and belong 
to different and unrelated subfamilies of the 
Poeciliidae. 


(2) Windward Passage and neighboring areas. 
The genera Gambusia, Limia (Poeciliidae), and Cichlasoma (Cichlidae) are 


Compare with conditions on 
(From U. S. Navy 


LAND CONNECTION 


In the light of the evidence presented in these 
pages, poeciliid fishes, especially those of the tribe 
Girardinini, do not seem to be of a kind dispersed 
over water or found on oceanic islands,* and their 
distribution and relationships in the West Indies 
do not reflect the widths of water gaps or the 
direction of winds and currents at present or in 
the past. The isolated position of the tribe Girar- 
dinini, taxonomically and geographically, is good 


8 Poeciliid fishes do not occur on any of the oceanic 
islands close to the range of the family, such as Bermuda, 


the Galapagos, Cocos, Tres Marias, etc. Tres Marias 
Islands are only 35 nautical miles off the Pacific coast 
of Mexico (State of Nayarit). Cocos Island, in the 
Pacific, is about 250 nautical miles off Costa Rica which 
is one of the regions richest in poeciliid fishes (species 
and individuals). Bermuda has received, presumably by 
means of the Gulf Stream, a great deal of West Indian 
coastal and estuarine fishes but no poeciliids. 
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proof that these fishes have been confined to the 
fresh waters of Cuba for a long time, and, as 
already discussed, their ancestor could not have 
reached the island by over-water dispersal of any 
kind. 

It seems therefore reasonable to assume that 
the ancestor of the tribe Girardinini reached Cuba 
in the past by means of a direct land connection or 
isthmian link which existed between that island 
and Central America, and that the migration was 
effected through fresh water by stream capture 
and/or flooding. Evidence for such a land con- 
nection is given in the following discussions. 

Students of West Indian paleogeography and 
biogeography have repeatedly postulated two land 
connections during the Tertiary, between Central 
America and the West Indies, to explain the pres- 
ence of certain organisms in those islands or 
purely on geological grounds. One of these, com- 
monly known as the Honduras-Nicaragua bridge 
(Schuchert, 1935) is assumed to have existed 
during the Miocene-Pliocene and to have con- 
nected the Honduras-Nicaragua region with Ja- 
maica and Hispaniola. Very extensive parts of 
this former isthmus now remain as the shallow 
submerged Honduras-Nicaragua shelf, Rosalind 
and Pedro banks, the island of Jamaica and the 
Peninsula of Tiburon in Haiti. The other land 


connection is assumed to have existed also during 


the Miocene-Pliocene between British Honduras- 
eastern Yucatan and western Cuba. 

The absence of girardinin fishes or their rela- 
tives in the West Indies outside of Cuba ® and the 
assumed location of the center of origin of the 
tribe in western Cuba (see p. 310) indicate that 
the ancestor of the tribe arrived on the island by 
way of the British Honduras-Eastern Yucatan 
connection. According to the geological and 
physiographical evidence (Vaughan, 1918; Schu- 
chert, 1935; Massip, 1942; Bermudez, 1950), the 
history of this former isthmian link may be recon- 
structed as follows (fig. 9). 

During the Middle Miocene, the older Yucatan 
and western Cuba structures which had been 


® The poeciliid fish fauna of the West Indies, with the 
exception of Cuba, comprises the following genera: Gam- 
busia (3 species in the Bahamas, 4 in Hispaniola, 4 in 
Jamaica, 1 in Grand Cayman), Curtipenis (1 in His- 
paniola), Mollienesia (2 in Hispaniola), Limia (7 in 
Hispaniola, 1 in Jamaica, 1 in Grand Cayman) and 
Poecilia (1 in Puerto Rico and the Lesser Antilles). In 
addition to the tribe Girardinini, Cuba has 7 species of 
Gambusia, the monotypic genus Quintana (atrizona) and 
one Limia (vittata). 


LUIS RENE RIVAS 


[PROC. AMER. PHIL. SOc. 


peneplaned to base level and later submerged 
(Lower Miocene), were subjected to opposed 
lateral pressures producing a general folding in 
the area. These pressures were caused by the 
gradual sinking of the Gulf of Mexico and north- 
western Caribbean plates, and were exerted in a 





Fic. 9. Origin of the Yucatan-Cuba isthmian link and 
neighboring areas. (1) The newly formed Middle 
Miocene anticlines (in solid black) emerge as narrow, 
elongate islands. Arrows indicate the approximate 
direction of pressures. (2) Subaerial and marine 
erosion attack the exposed land and the eroded ma- 
terial is deposited around the islands filling in the 
intervening arms of the sea and gradually enlarging 
the islands. (3) The continued process of erosion, 
deposition, and general emergence finally establishes 
a land connection between Central America and 
western Cuba. Other land connections are also 
formed, and the basic structure of the island of Cuba 
is permanently established. (4) Present physio- 
graphic aspect of the island of Cuba and the sur- 
rounding sea bottom. From a plastic model. (Photo- 
graph courtesy of the University of Havana.) 





VOL. 102, NO. 3, 1958] 


southeast and northwest direction respectively. 
The anticlines thus formed emerged as narrow, 
elongate islands and the corresponding synclines 
remained as shallow arms of the sea between them 
(fig. 9 (1)). These anticlines seem to have ex- 
tended to the southwest into Central America 
along the eastern shore of Yucatan and remain 
now as the Cockscomb mountains of British Hon- 
duras and the Organ Mountains of western Cuba. 
According to Schuchert (1935: 398), “These folds 
of western Cuba represent the Ancestral Organ 
Mountains. South of Cuba these folds and those 
of the isle of Pines may have turned more sharply 
southwest into southern Yucatan, and if so, are 
now buried by young Cenozoic deposits.” 

As the islands emerged, subaerial and marine 
erosion began to attack the exposed land and the 
eroded material gradually filled and shallowed the 
intervening arms of the sea (fig. 9 (2)). This 
process and continued general emergence contrib- 
uted to the enlargement and approximation of the 
islands until a continuous isthmian link was estab- 
lished between Central America and western Cuba 
(fig. 9 (3)). A long period of stability followed 
(Upper Miocene-Pliocene) during which con- 
tinued marine and subaerial erosion reduced the 
isthmus to a peneplain and a very active process 
of stream capture must have taken place. It is 
during this period that the ancestor of the tribe 
Girardinini is assumed to have migrated into 
western Cuba. Following this period, profound 
faulting took place throughout the entire Carib- 
bean area, and western Cuba was then permanently 
isolated from Central America by submergence of 
the isthmus through downfaulting during the sec- 
ond half of the Pliocene. Schuchert (1935: 383, 
384) says that “. . . the western side of the Antil- 
lean sea, seemingly at a somewhat earlier period 
(late Pliocene), was faulted into :great depths 
(about a mile), with a consequent permanent 
separation of Yucatan from Cuba” ; and on p. 498: 
“The present great depths of the . . . Yucatan end 
of the Antillean Sea, . . . developed with the north- 
east-southwest faulting of the late Pliocene, when 
for the first time the Caribbean mediterranean con- 
nected widely and deeply with the Gulf of Mexico 
through Yucatan Channel.” 

Examination of a bathymetric chart of the Gulf 
of Mexico-Caribbean region (fig. 10) shows that 
the bottom in the Yucatan Channel area forms a 
distinct, well-elevated platform as compared with 
the northwestern Caribbean Basin. The 1,100 
fathom line joins Cuba with Yucatan and the 
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average depth of the Channel is of about 700 
fathoms, whereas the deepest areas of the Gulf of 
Mexico (2,000 fathoms) and the northwestern 
Caribbean (3,000 fathoms) are not far to the 
north and south respectively. I believe that the 
submarine physiography of the Yucatan Channel 
and neighboring areas is significant in connection 
with the Yucatan-Cuba isthmian link and that its 
former existence will not be definitely proved or 
disproved until the submarine geology of the area 
is thoroughly investigated (see also comments by 
Ewing, 1952: 90). Ifa dry land connection really 
existed between Yucatan and western Cuba during 
the period assumed in this discussion, submarine 
exploration (borings) of the Yucatan Channel 
should show the upper layers of the bottom to be 
chiefly composed of marine Lower Miocene with 
Pliocene and Pleistocene marine deposits im- 
mediately above it. Middle and Upper Miocene, 
and early Pliocene deposits, if present, should be 
scarce and/or of subaerial or fresh-water origin. 

In addition to uplift by folding, former pre- 
pleistocenic changes in sea level might have been 
partly responsible for the establishment of a dry 
land connection between British Honduras-Yuca- 
tan and western Cuba during the Miocene-Plio- 
cene. I refer in particular to the evidence afforded 
by the deep (1,000 fathoms or more) submarine 
canyons found off river mouths, in the continental 
shelves throughout the world (Shepard, 1948: 
207-250) and to the recent discoveries of Ewing 
(1948: 275-294; 1949: 611-640) in the Atlantic 
Ocean Basin.*® 

It has been recently pointed out to me (Dr. G. 
S. Myers, personal communication) that, if a land 
connection bearing fresh-water streams existed 
between Central America and western Cuba, then 
the absence in Cuba of certain fresh-water fishes 
( Characidae, Gymnotidae, Cyprinidae, Ameiuridae, 
Pimelodidae) which occur in Central America, 
requires explanation. ; 

The family Characidae comprises over 1,000 
species in South America and about 30 in Mexico 
and Central America, most of which also occur in 
South America. Only one species (Astyanax 
fasciatus) extends northward into the Rio Grande 


10 According to recent investigations, submarine can- 
yons seem to have been excavated by subaerial river 
erosion implying a lowering of 1,000 or more fathoms 
for the present level of the sea in the not too remote 


past. The recent discovery of beach-like terraces and 
sand deposits of coastal origin in the Atlantic Ocean, 
more than 1,000 fathoms deep, seems to support this 
hypothesis. 
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Fic. 10. Bathymetry of the Yucatan Channel area. 


system and about 26 occur only in eastern Panama. 
About six species occur in Central America proper, 
between the Isthmus of Tehuantepec and western 
Panama. Astyanax fasciatus is the only species 
known from the British Honduras-Yucatan region, 
and its range extends southward well into South 
America (Brazil). The Gymnotidae comprises 
30 or more species in South America and only one 
(Gymmnotus carapo) extends northward into Cen- 
tral America (Guatemala) from the Rio La Plata 
system in Argentina. The North American family 
Cyprinidae has over 400 species, in Canada, in 
the United States, and in Mexico, with only one 
species (Carpiodes meridionalis) extending south- 
ward into western Guatemala. The Ameiuridae 
comprises more than 30 species in North America 
and only /ctalurus meridionalis extends southward 
into western Guatemala. The South American 
family Pimelodidae has over 250 species in South 
America and only about 20 in Central America, 
two or three of which extend into southern Mexico. 
The twenty or so nominal species of Pimelodidae 
occurring in Mexico and Central America all 
belong to the genus Rhamdia and are very closely 
related. Recent variation studies on certain 
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ISLA DE 
PINos 


(From U. S. Navy Hydrographic chart No. 5487.) 


Central American forms of this genus (Hubbs, 
1936: 179-207) indicate that many of these nom- 
inal species will eventually be construed as mere 
local subspecies or races. 

The pattern of distribution and the geographical 
and taxonomic relationships of these fresh-water 
fishes in Central America indicate their recent 
invasion of the region comprised between the 
Isthmus of Tehuantepec and western Panama, 
from North and South America. This region, 
according to the paleogeographic evidence (Schu- 
chert, 1935 : 314-385 ; 551-621), was isolated from 
North and South America by the Tehuantepec 
(Eocene-Pliocene) and Nicaragua-Costa Rica 
(Oligocene-Miocene) portals during most of the 
Tertiary (see also Gosline, 1944: 217-220). As 
already discussed (p. 303), western Cuba was 
permanently isolated from Central America at 
the time (Pliocene) when the latter was rejoined 
to North and South America (see also Schaeffer, 
1952 : 228), and the northern Cyprinidae Ameiuri- 
dae) and southern (Characidae, Gymnotidae, 
Pimelodidae) fresh-water fishes in question ar- 
rived too late to be able to penetrate into Cuba. 

The above explanation may equally apply to 
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representatives of other groups of living and ex- 
tinct animals (pit-vipers, perissodactyls, artiodac- 
tyls, proboscideans, carnivores) whose absence in 
Cuba has been considered as opposed to a former 
direct land connection between that island and 
Central America (Gadow, 1905; Matthew, 1918). 

Eigenmann (1903: 221) was of the opinion 
that the fresh-water fishes of western Cuba reached 
the island “by way of Yucatan,” but the distri- 
bution and relationships of some of them (Gam- 
busia, Limia, Cichlasoma) indicate arrival by way 
of Hispaniola and Jamaica via the former Hon- 
duras-Nicaragua land bridge. However, Atrac- 
tosteus tristoechus (Lepisosteidae) and Quintana 
atrizona (Poeciliidae) are confined to the fresh 
waters of western Cuba and their relationships 
indicate a direct western arrival from Central 
America with the ancestor of the tribe Girardinini 
over the same migratory route. 

The reptiles and amphibians (Barbour and 
Ramsden, 1919) strongly indicate that Cuba has 
been connected with Yucatan in the past, and ac- 
cording to Simpson (1895) the distribution and 
relationships of the land and fresh-water mollusks 
of Cuba suggest a former land connection with 
Yucatan. 


3. SPECIATION IN THE TRIBE GIRARDININI 
HAS OCCURRED CHIEFLY THROUGH 
ADAPTIVE RADIATION, AND ITS 
CENTER OF ORIGIN WAS 
LOCATED IN WESTERN 
CUBA 


ECOLOGY AND BEHAVIOR 


According to the taxonomic analysis and phylo- 
genetic interpretation as discussed earlier in this 
study, speciation in the tribe Girardinini seems to 
have occurred through adaptive radiation involv- 
ing chiefly feeding characters, and simultaneous 
or subsequent geographical isolation. This is fur- 
ther confirmed by correlation of structure and be- 
havior with habitat and occurrence, as shown in 
the following ecological analysis based on con- 
tinued laboratory and field observations and ex- 
amination of stomach contents. The more general 
ecological features concerning the tribe Girardinini 
as a group have already been discussed. 


Ecological Analysis of the Tribe Girardinini 


Structure and behavior 


Ja.—Mouth comparatively small. Jaws, lips, and 
dentition especially adapted for gnawing and bit- 
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ing through relatively solid matter. Food: dia- 
toms, algae, leaves of higher aquatic plants, 
detritus and occasionally insect larvae. Ob- 
served behavior: midwater swimmers seldom 
occurring at or near the surface or bottom. 
Feeding effected mostly on the aquatic vegeta- 
tion by gnawing or biting off. (Glaridichthys.) 
2a.—Body and fins well adapted for life in running 
water. Pigmentation well developed indicating 
origin in clear water. Sensitive to high Cl 
content and warm, turbid poorly oxygenated 
water. Thriving best in temperatures about 
ae Rn 
Glaridichthys uninotatus. 
2b.—Body and fins not well adapted for life in 
running water. Pigmentation weakly developed, 
indicating origin in turbid water. Habitat tol- 
erance range wide, but thrives best in warm, 
turbid water. 
Glaridichthys falcatus. 
1b.—Mouth comparatively medium sized. Jaws, lips, 
and dentition generalized; not especially adapted 
for gnawing, biting through solid matter, scrap- 
ing, or sucking. Food: algae, aquatic plants, 
and detritus, and rarely insect larvae. Observed 
behavior: midwater swimmers never occurring 
at the surface and seldom on the bottom. Feed- 
ing effected on the aquatic vegetation by gnaw- 
ing, biting, scraping and sucking. (Torus.) 
2c.—Body and fins especially well adapted for life 
in running water. Pigmentation strongly de- 
veloped, indicating origin and long occurrence 
in clear water. Very sensitive to high Cl con- 
tent and warm, turbid poorly oxygenated water. 
Thriving best in temperatures below 25° C. 
Toxus serripenis, T. creolus. 
1c.—Mouth comparatively medium sized. Jaws, lips, 
and dentition relatively generalized but better 
adapted for scraping and sucking than gnawing 
and biting. Food: algae, mud, detritus and oc- 
casionally insect larvae. Observed behavior: 
midwater and bottom swimmers seldom occurring 
at the surface. Feeding effected on the bottom 
and aquatic vegetation mostly by scraping and 
sucking. (Allodontium.) 
2d.—Body and fins relatively generalized but not 
well adapted for life in running water. Pigmen- 
tation rather weakly developed, indicating origin 
in rather turbid water. Habitat tolerance range 
wide, but seems to thrive best in warm turbid 
water. 
Allodontium cubense. 


Id—Mouth comparatively large. Jaws, lips and 
dentition especially adapted for scraping and 
sucking. Food: diatoms, algae, detritus, mud, 
fine sand, and occasionally insect larvae. Ob- 
served behavior: midwater and bottom swimmers 
occasionally occurring at or near the surface. 
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Feeding effected on the bottom and aquatic 
vegetation by scraping and sucking. (Dactylo- 
phallus, Girardinus.) 
2e.—Body and fins more or less adapted for life 
in running water. Pigmentation well developed, 
indicating origin in clear water. Habitat tol- 
erance very wide but seems to thrive best in 
clear, moving water. 
Dactylophallus denticulatus. 
2f—Body and fins not well adapted for life in 
running water. Pigmentation well developed, 
indicating origin in clear water. Habitat tol- 
erance range wide but seems to thrive best in 
clear, stagnant or very sluggish water. 
- Girardinus metallicus. 
2g.—Body and fins more or less adapted for life in 
running water. Pigmentation very well de- 
veloped, indicating origin in clear water. Sen- 
sitive to high Cl content and warm, turbid, poorly 
oxygenated stagnant water. 
Girardinus microdactylus. 


Habitat and Occurrence 


Ja.—Highland or mountain habitat, usually 100 to 
1,000 feet above sea level. Water always clear, 


cool, and well oxygenated; never stagnant, the 
current rapid or of moderate velocity. Chlorides 
(Cl) usually below 50 p.p.m. Annual tempera- 


ture range 21° to 28° C. (mean 24.5). Bottom 
hard, composed chiefly of smooth rock, stones, 
or gravel; sand present; mud nearly absent. 
Aquatic vegetation scarce, except for algal 
growth and diatoms on rocks and stones. Plank- 
ton absent. Small aquatic insect larvae present. 
Predators almost entirely absent. Upper reaches 
of streams in Sierra de los Organos (western 
Cuba), Trinidad Mountains (central Cuba) and 
Sierra Maestra (eastern Cuba). 
2a.—Present in this habitat. 
3a.—Entirely confined to this habitat. 
4a.—Habitat favorable. 
5a.—Altitudinal range 500 to 1,000 feet. 
Prefers less turbulent conditions in pools 
and along the banks, but often found in 
swift water. 
Toxus serripenis. 
5b.—Altitudinal range 100 to 500 feet. Pre- 
fers less turbulent conditions in pools and 
along the banks; seldom found in swift 
water. 
Toxus creolus. 
5c—Altitudinal range 100 to 500 feet. Pre- 
fers less turbulent conditions in pools and 
along the banks; occasionally found in 
swift water. 
Glaridichthys uninotatus. 
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3b.—Partially occurring in this habitat. 
4b.—Habitat favorable. 
5d—Altitudinal range 100 to 1,000 feet. 
Prefers less turbulent conditions in pools 
and along the banks; occasionally found in 
swift water. 
Dactylophallus denticulatus. 
5e.—Altitudinal range 100 to 500 feet. Pre- 
fers less turbulent conditions in pools and 
along the banks; seldom found in swift 
water. 
Girardinus microdactylus. 
4c—Habitat not favorable. 
5f—Altitudinal range 100 to 500 feet. Pre- 
fers less turbulent conditions in pools and 
along the banks; seldom found in swift 
water. 
Allodontium cubense. 
5g.—Altitudinal range 100 to 1,000 feet. 
Prefers less turbulent conditions in pools 
and along the banks; seldom found in 
swift water. Absent from the highland 
habitat in western Cuba. 
Girardinus metallicus. 
2b.—Absent in this habitat. 
Glaridichthys falcatus. 
1b.—Lowland habitat, usually 5 to 100 feet above sea 
level. Water usually more or less turbid, warm, 
not well oxygenated; stagnant or sluggish. 
Chlorides (Cl) usually 50 to 100 p.p.m., very 
rarely reaching 1,000 p.p.m. Annual tempera- 
ture range 25° to 31° C. (mean 28.5). Bottom 
soft, composed chiefly of mud; sand present; 
rock, stones and gravel very scarce, usually 
absent. Aquatic vegetation abundant. Plankton 
present. Small aquatic insect larvae present. 
Predators present. Ponds, lakes and lower 


courses of streams throughout the island of Cuba 
and the Isle of Pines. 


2c.—Present in this habitat. 
3c.—Entirely confined to this habitat. 
4d—Habitat favorable. 
5h.—Altitudinal range 5 to 500 feet; usually 
below 100 feet. Prefers stagnant water in 
ponds and lakes. 
Glaridichthys falcatus. 
3d.—Partially occurring in this habitat. 
4e.—Habitat favorable. 
5i.—Altitudinal range 50 to 100 feet. 
fers stagnant water in lakes. 
Allodontium cubense. 
5j.—Altitudinal range 5 to 100 feet. Prefers 
clear sluggish water in streams. 
Girardinus metallicus. 
5k.—Altitudinal range 50 to 100 feet. Pre- 
fers streams. 


Pre- 


Dactylophallus denticulatus. 
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TABLE 2 


ALTITUDINAL DISTRIBUTION AND RELATIVE ABUNDANCE OF THE SPECIES OF THE TRIBE GIRARDININI, EXPRESSED 


IN NUMBER OF SPECIMENS. 


ALTITUDINAL ZONES IN FEET (8 COLLECTING STATIONS PER ZONE). 


DATA BASED ON EXPLORATIONS BY THE AUTHOR 








Species 5-100 











| 100-200 | 200-300 300-400 400-500 500-1000 Totals 

T. serripenis 23 23 
T. creolus 42 | 17 59 
G. uninotatus ic. 3 2% CO 214 295 
G. falcatus | 992 71 203 72 19 1357 
A. cubense 77 44 11 132 
D. denticulatus wr 140 CY 567 649 81 399 1973 
G. microdactylus 899 899 
G. metallicus 939 | 361 757 243 64 47 2411 
Totals 2145 713 1553 | 964 1305 469 7149 


4f—Habitat not favorable. 
5l.—Altitudinal range 50 to 100 feet. 
curs only in streams. 
Girardinus microdactylus. 
2d.—Absent in this habitat. 
Toxus serripenis, T. creolus, 
Glaridichthys uninotatus. 


Oc- 


Obviously, the highland and lowland habitats 
in any given stream are not sharply defined or 
abruptly separated, but merge into each other, 
producing transitional zones in which members of 
either habitat may be found. On the other hand, 
forms such as Allodontium cubense, Dactylophallus 
denticulatus, Girardinus microdactylus, and G. 
metallicus, which may not be considered as strictly 
typical of either habitat, seem to favor the inter- 
mediate zone or conditions in which a combination 
of both the highland and lowland are found. The 
occasional presence (very few individuals) of 
typical highland forms in the lowland habitat of 
certain streams during the rainy season is caused 
by torrents which wash them down. Periodic 
visits will show gradual disappearance of these 
forms in the lowland habitat during the dry sea- 
son and complete absence at the end. Typical 
highland forms are never found in ponds or lakes, 
and typical lowland forms (Glaridichthys falcatus ) 
are never found in the highland habitat. The 
following associations may be considered as 
typical and indicative of clearly defined ecological 
preferences. 

In the lowland habitat of western Cuba, Glari- 
dichthys falcatus and Girardinus metallicus are the 
usual components of the girardinin populations 
with Glaridichthys falcatus as the dominant species 
in ponds and lakes and Girardinus metallicus in 
streams. Allodontium cubense occasionally occurs 


with these, being then intermediate in dominance. 
The populations of the lowland habitat of central 
Cuba are typically composed of Glaridichthys fal- 
catus, Dactylophallus denticulatus, and Girardinus 
metallicus, with either Dactylophallus denticulatus 
or Girardinus metallicus as the dominant species 
according to prevailing conditions. Dactylophallus 
denticulatus is intermediate and only somewhat 
more dominant than Glaridichthys falcatus when 
Girardinus metallicus is the dominant species. 
Glaridichthys falcatus is intermediate in dominance 
when Dactylophallus denticulatus is the dominant 
species. The populations of the lowlands of 
eastern Cuba are composed of Dactylophallus 
denticulatus and Girardinus metallicus with Dac- 
tylophallus denticulatus nearly always as_ the 
dominant species. The Isle of Pines has only a 
lowland habitat and a combination of highland and 
lowland conditions, with Glaridichthys falcatus 
and Girardinus microdactylus as the only members 
of its girardinin populations. 

The highland habitat of western Cuba does not 
have associations that could be considered as 
strictly typical. Toxus creolus, Glaridichthys 
uninotatus, and Girardinus microdactylus are the 
usual components of the populations, with Allo- 
dontium cubense sometimes present and Glaridich- 
thys uninotatus always as the dominant species. 
Dactylophallus denticulatus and Girardinus metal- 
licus are the only species associated in the high- 
land habitat of central and eastern Cuba, with G. 
metallicus often absent and Dactylophallus den- 
ticulatus always as the dominant species. In the 
Rio Guaso and Rio Yateras systems of south- 
eastern Cuba, Dactylophalius denticulatus denticu- 
latus is replaced by D. denticulatus ramsdeni in 
the highland habitat, and Girardinus metallicus is 
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absent. Glaridichthys uninotatus uninotatus is re- 
placed by G. uninotatus torralbasi westward of 
Rio Guama system in western Cuba. 

The transitional zone between the highland and 
lowland habitat in the southern drainage of the 
Sierra de los Organos (western Cuba) is by far 
the richest in genera and species: Toxus creolus, 
Allodontium cubense, Glaridichthys uninotatus, G. 
falcatus, and Girardinus metallicus or G. micro- 
dactylus sometimes occur together in the same 
locality. Most of these species are not typical of 
this habitat where competition seems to be acute 
and they are represented by few, poorly developed 
individuals. Girardinus microdactylus and G. 
metallicus may occur in the same stream system 
but are never found together in the same locality. 

The only other fishes associated with the tribe 
Girardinini as possible competitors are the poe- 
ciliids Gambusia (several species), Quintana atri- 
zona and Limia vittata. The species of Gambusia 
are all strictly carnivorous, surface feeders and 
negligible as competitors. Quintana atrizona has 
a very restricted range, and only very few indi- 
viduals are found sporadically in small ponds of 
the southern drainage of the Sierra de los Organos 
and the Isle of Pines. It lives mostly in dense 
thickets of aquatic vegetation and does not seem 
to compete with the girardinins. Limia vittata is 


a bottom feeding limnophagous species thriving 


only in muddy situations. It is widely distributed 
in Cuba and the Isle of Pines, but its abundance 
is limited by the nature of the bottom and it is 
practically absent in the highland habitat. Gam- 
busia and Limia appear to be relatively recent 
arrivals from the east (Hispaniola) after the tribe 
Girardinini was established in the island. 

Adaptation and competition are very important 
factors in girardinin associations, and well-bal- 
anced populations seldom consist of more than 
three genera, each represented by a single species. 
The degree of dominance of any member of the 
association is always correlated with, and directly 
proportional to, its degree of adaptation to and 
suitability of the habitat. Generalized species 
such as Allodontium cubense are never dominant 
or strictly restricted to any typical habitat. 

In western Cuba, the highland habitat appar- 
ently cannot efficiently support more than three 
species, one of which is usually a generalized form 
(Toxus creolus or Allodontium cubense) and the 
others a “biting feeder” (Glaridichthys unino- 
tatus) and a “sucking feeder” (Girardinus micro- 
dactylus). Generalized and biting feeders are 
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absent from the highland habitat in central and 
eastern Cuba, where it has been taken over almost 
exclusively by Dactylophallus denticulatus in the 
absence of competition. This species seems to 
have originated in a lowland or transitional habitat 
and its invasion of the highlands of central and 
eastern Cuba may be considered as relatively re- 
cent. The lowland habitat is more favorable and 
could support a more varied population than it 
actually does, especially in central and eastern 
Cuba, and this seems to indicate that girardinin 
fishes are still in the process of dispersing and 
invading the lowland habitat which apparently has 
not as yet, reached the point of saturation. 


ADAPTIVE RADIATION 


In the highland habitat, flowing water discour- 
ages the formation of slime on rocks, stones, stems, 
and leaves of aquatic plants. It also discourages 
but not entirely prevents the deposition of mud 
and organic detritus and therefore the growth of 
higher aquatic plants. In the lowland habitat these 
conditions are exactly the reverse. According to 
the ecological analysis (pp. 305-307), the food of 
girardinin fishes consists of diatoms, algae, leaves 
of the higher aquatic plants, aquatic insect larvae, 
slime forming on rocks, stones, leaves and stems, 
and organic detritus contained in the mud. 

In the absence of competition, a generalized 
girardinin (ancestor of the tribe) living in the 
highland habitat, would not necessarily be com- 
pelled to adapt itself to any particular type of feed- 
ing, but it would have to become adapted to life 
in cool, clear, flowing water. This would result in 
a form having a generalized mouth, body and fins 
well adapted to life in running water, strong pig- 
mentation, and sensitive to warm, turbid, poorly 
oxygenated stagnant water. These are exactly the 
characters of the genus Toxus which is the most 
primitive member of the tribe and must have 
originated without competition in a_ highland 
habitat. This is further confirmed by the paleo- 
geographic and paleoecological evidence and by 
its present confinement to the highland habitat of 
western Cuba. Speciation within the genus Torus 
seems to have occurred more recently through 
geographical isolation. 

On the other hand, a generalized girardinin 
(ancestor of the tribe) arriving in a vacant tran- 
sitional habitat of a stream, would tend to adapt 
itself to the least difficult feeding conditions ; that 
is, ingestion of detritus and organic matter by 
sucking-in mud or scraping off slime from the 
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leaves of the higher aquatic plants.‘ No other 
special adaptation would be required for life in 
sluggish water and the species would remain rela- 
tively generalized, as shown by the monotypic 
genus Allodontium. 

Increase of population density brought about by 
a more favorable habitat in which the two main 
feeding conditions are relatively abundant, would 
cause in a generalized form, segregation of indi- 
viduals (through variation) into incipiently spe- 
cialized groups, each concentrating in a particular 
type of feeding. In other words, certain indi- 
viduals will feed mostly on the slime and mud, 
others will eat aquatic plants and some will remain 
generalized in their feeding habits. Owing to 
preadaptation for feeding by scraping and sucking, 
a greater percentage of the population will take 
to this type of feeding and become more rapidly 
specialized, whereas the generalized feeders will 
remain as the minority. Speciation will therefore 


begin, and this adaptive radiation would explain 
the origin of the genera Glaridichthys, Dactophal- 
lus, and Girardinus, from a common ancestor now 
represented by the more primitive and generalized 
Allodontium cubense. 

Further splitting of the ancestral Glaridichthys 
population by progressive migration and adapta- 


tion in opposite directions, resulted in two com- 
pletely differentiated species with the same feeding 
characters, but otherwise adapted to life in the 
highland (G. uninotatus) and lowland (G. fal- 
catus) habitats respectively. Dactylophallus and 
Girardinus are the result of the adaptive trend to 
feeding by sucking and scraping indicated by their 
ancestor. Girardinus is more specialized for this 
type of feeding than Dactylophallus, and seems to 
have been derived from the latter. Dactylophallus 
is more primitive, less specialized, and probably 
evolved before a typical and extensive lowland 
habitat existed. Girardinus microdactylus and G. 
metallicus, like the species of Glaridichthys, seem 
to have recently evolved through adaptation to 
highland and lowland conditions respectively, and 
simultaneous geographical isolation. 

A very important clue to the interpretation of 
the early speciational processes undergone by the 
tribe Girardinini is the discovery of ecological 
clines in certain eurytopic species, as follows. 


11 Despite varying degrees of strength found among 
the various genera, the jaws and teeth of girardinin fishes 
are essentially weak and adapted to feeding by shaping 
the mouth into a funnel for the purpose of scraping 
and/or sucking. 
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As already pointed out, Dactylophallus denticu- 
latus may be found in the lowland as well as in 
the highland zone of the streams throughout its 
range. In any given stream, individuals from the 
highland habitat are found to differ from those 
occurring in the lowland habitat in certain adaptive 
characters well correlated with ecological condi- 
tions. Highland individuals have a smaller mouth, 
more straight body axis, and more convex pre- 
dorsal contour longitudinally as well as trans- 
versely. In other words, they are better adapted 
to life in running water and, if isolated from pre- 
dominating lowland conditions, would eventually 
develop into a recognizable taxonomic unit. This 
incipient speciation by adaptive radiation is well 
illustrated by Dactylophallus denticulatus rams- 
deni. With the exception of this su‘»species, varia- 
tion between the highland and lowland forms of 
D. denticulatus is small and the intergradation 
very gradual in each stream and correlated with 
environmental conditions, thus producing an eco- 
logical cline. 

In central and eastern Cuba, and on the Isle of 
Pines, where the typical highland species Glari- 
dichthys uninotatus does not occur, G. falcatus, in 
the absence of strong competition has been able 
to establish itself in transitional habitats. In these 
habitats, the individuals differ from those occur- 
ring in the typical lowland habitat in adaptive 
characters and have a smaller mouth, more straight 
body axis, a more convex predorsal contour, and 
somewhat stronger pigmentation. The incipient 
adaptive radiation now taking place in Glaridich- 
thys falcatus and Dactylophallus denticulatus prob- 
ably is comparable to the early similar process 
undergone by the ancestral population. 

There is no geographical variation of meristic 
characters in the species of the tribe Girardinini. 
Phenotypic facies affecting the intensity of colora- 
tion vary with localities but they seem to be corre- 
lated with periodically varying environmental con- 
ditions such as turbidity, and may be purely 
ecotypic and not geographical in nature. In Glari- 
dichthys uninotatus torralbasi, the absence of the 
black blotch on the sides of the body is correlated 
with geographical distribution but not with en- 
vironmental conditions. This subspecies occurs 
in the same type of habitat (highland streams) as 
G. uninotatus uninotatus, but replaces the latter 
geographically along the southern and _ north- 
western drainage of the Sierra de los Organos, 
westward of the Rio Guama system, in western 
Cuba. Size and body proportions affecting depth 
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and width seem to be influenced by nutrition and 
correlated with the fertility of the habitat. Depth 
and width of body are also greatly affected by 
pregnancy in females. 

As demonstrated for many other fresh-water 
fishes (Hubbs, 1940: 199) temperature affects 
the rate of growth in girardinins. Certain popu- 
lations of Glaridichthys falcatus, Dactylophallus 
denticulatus, and Girardinus metallicus living in 
thermal springs, grow faster and have propor- 
tionately larger heads and head parts. In general, 
highland species living in cooler water have 
smaller heads than the lowland warmer water 
species. Meristic characters are not affected by 
temperature and show little or no variation within 
each species. 

It is evident that girardinin fishes are very 
“plastic” to the environment and that speciation 
within the tribe has been the result of adaptive 
radiation induced by feeding conditions in com- 
bination with other physical characters of the 
habitat, competition, and geographical isolation. 


CENTER OF ORIGIN 


The distributional pattern of the tribe Girardi- 
nini (fig. 11 and table 3) shows at a glance that 
the genera and species are most numerous in 
western Cuba throughout the southern drainage 
of the Sierra de los Organos, and much less 
numerous to absent in eastern Cuba. With the 
exception of Dactylophallus denticulatus, all the 
genera and species occur in western Cuba whereas 
not more than three genera and species occur out- 
side that region. There are four genera and seven 
species in the western fourth of the island, and 
only two genera and two species in the eastern 
fourth. Central Cuba has three genera and three 
species, and there are only two genera and two 
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species on the Isle of Pines. The number of genera 
and species decreases to the east from the area of 
greater abundance, and the ranges of the more 
advanced forms (Dactylophallus, Girardinus) are 
peripheral to those of the more primitive (Torus, 
Allodontium ). 

The above pattern of distribution and the as- 
sumed arrival of the ancestor from the west, 
would seem to indicate that western Cuba was the 
center of origin of the tribe, but other factors 
must be analyzed and correlated before any con- 
clusions can be reached. 

The ancestor of the tribe Girardinini is as- 
sumed to have arrived in western Cuba directly 
from the west (Central America) by way of the 
land connection postulated earlier in this paper. 
According to the paleogeographic evidence (p. 
313), the western portion comprising the nucleus 
of the Sierra de los Organos was isolated as an 
island from the rest of Cuba for a long time after 
arrival of the ancestral population, and the first 
girardinin form evolved must have been the more 
primitive genus Toxus, as shown elsewhere in 
this study. The species of Toxus are strictly 
mountain stream forms confined to the highlands 
of the southern drainage of the Sierra de los Or- 
ganos and could not have originated in a lowland 
habitat. The only other habitats suitable for 
Toxus have existed only in central (Trinidad 
Mountains) and eastern (Sierra Maestra) Cuba, 
and according to the paleogeographic evidence 
(p. 313) these mountain masses and the Sierra 
de los Organos have always been separated by 
shallow seas or extensive lowlands. Former oc- 
currence and subsequent elimination of Torus to 
the east of its present range through extinction by 
predator pressure or competition does not seem to 
have been possible for the following reasons. 


TABLE 3 


GEOGRAPHICAL DISTRIBUTION OF THE FISHES OF THE TRIBE GIRARDININI BY PROVINCES, SHOWING THE GREATER ABUN- 


DANCE OF GENERA AND SPECIES IN WESTERN CuBa (See footnote 12). 


Although belonging politically to the Province 


of Habana, the Isle of Pines is here included with the Province of Pinar del Rio for geographical reasons. 


Species P. del Rio Habana 


. Serripenis 

. creolus 

uninotatus 

. falcatus 

. cubense 

. denticulatus 
microdactylus 
metallicus 


AASRADNA | 


Matanzas Las Villas Camaguey Oriente 


| 
| 
| 
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The only fishes permanently or periodically oc- 
curring in the fresh waters of Cuba known to prey 
on girardinin fishes are: Atractosteus tristoechus 
(Lepisosteidae ), Megalops atlanticus (Elopidae), 
Anguilla bostoniensis ( Anguillidae), Centropomus 
spp. (Centropomidae), Cichlasoma tetracanthus 
(Cichlidae), Phylipnus dormitor, Eleotris pisonis 
and Dormitator maculatus (Eleotridae). With 
the exception of Atractosteus which is confined to 
the southern drainage of western Cuba, these 
predators are equally distributed throughout the 
entire range of the tribe Girardinini. Atractosteus 
and Cichlasoma are the most effective predators 
and entirely confined to fresh water. The fossil 
record shows that Atractosteus has existed in the 
island since the Cretaceous and Cichlasoma prob- 
ably since the Miocene. The other species are 
marine or semimarine and ascend streams only 
during certain periods of the year (Anguilla) or 
not far above the tidal zone. It is therefore evi- 
dent that, as far as the tribe Girardinini is con- 
cerned, predator pressure is, and has always been, 
more active in western Cuba. Competition is also 
much more active in western Cuba owing to the 
greater number of genera and species occurring 
in that region. The mountain range itself, inability 
to survive in the lowlands and competition seem 
to have been the barriers preventing further ex- 
tension of range in Torus. 

Further proof that the genus Torus has not 
formerly occupied a much greater range than it 
does at present, is its absence from the Isle of 
Pines. This relatively large island (1,200 square 
miles) lies to the southeast of the southern drain- 
age of the Sierra de los Organos, from which it is 
separated by about 27 nautical miles of very shal- 
low sea. The Isle of Pines has been periodically 
connected with western Cuba during the Pleisto- 
cene, and was permanently isolated last as an 
island in relatively recent times. 

It is also very improbable that the primitive 
genus Toxus, a true, or at the most a slightly 
modified relict of the ancestral girardinin popula- 
tion, could have originated to the east far from 
where it now occurs, and remained the most un- 
specialized member of the tribe, after dispersal 
through a variety of markedly distinct habitats. 

Since Toxus is the most primitive and first 
evolved member of the tribe, no further explana- 
tion involving other species seems necessary in 
order to show that the southern drainage of the 
Sierra de los Organos was the center of origin 
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and early dispersal of the group. A western loca- 
tion of the center of origin and direct arrival from 
the west of the ancestral population are not, in 
my opinion, mere coincidence, but correlated, re- 
ciprocal proof that the theories relating to the 


matter postulated in this paper, must not be far 
from reality. 


4. THE MECHANISMS OF SPECIATION AND 
DISPERSAL LEADING TO THE PRESENT 
FORMS WITHIN THE TRIBE AND THEIR 

GEOGRAPHICAL DISTRIBUTION ARE 
EXPLAINED BY THE PALEOGEOG- 
RAPHY AND PALEOECOLOGY 
OF THE ISLAND OF CUBA 


PALEOGEOGRAPHY AND PALEOECOLOGY 
According to the paleogeographic evidence 
(Schuchert, 1935; Massip, 1942), the present 
structure of Cuba was established during the Mio- 
cene-Pliocene simultaneously with the Yucatan 
isthmian link (see p. 303 and fig. 9) and as the 
result of the same orogenic forces. Speciation and 
dispersal in the tribe Girardinini began when the 
ancestor became established in western Cuba at 
the end of the Pliocene, and were induced by the 
environmental and physiographic changes pro- 
duced by the Glacial periods during the Pleisto- 
cene (Daly, 1934; Flint, 1947). The island of 
Cuba is situated between 19° 50’ and 23° 20’ lat. 
N, just below the Tropic of Cancer and has never 
been under the direct influence of glaciation. 
However, changes of temperature, pluviosity, sea 
level, and the accompanying subaerial and marine 
erosion, have greatly affected the physiography 
and ecology of the island during the Pleistocene. 
During the Glacial stages of the Pleistocene, 
general lowering of the sea level must have reached 
about sixty fathoms below the present level (Daly, 
1934; Flint, 1947), and the island of Cuba was 
then wholly emergent with a coastline correspond- 
ing with the present edge of the insular shelf (see 
fig. 12 (1C)). The stream systems and lowlands 
were then much more extensive than today and 
some existed that are now entirely submerged 
(Massip, 1942: 177-180). Many of the now 
isolated stream systems of Cuba, especially those 
of the southern drainage, were consequent tribu- 
taries of subsequent main streams during the 
periods of greatest emergence. These streams 
are now dismembered as separate, less extensive 
systems through partial or total submergence of 
lower course of the main stream by recent rein- 
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vasion of the sea. The Rio Cauto ** of the south- 
western drainage of the Province of Oriente 
(eastern Cuba) is now about 130 miles long and 
empties into the shallow Gulf of Guacanayabo, 
but during the periods of greatest emergence, it 
flowed westward over the emerged insular plat- 
form, was about 200 miles long, and received the 
now dismembered Jobabo, Sevilla, and Najasa of 
the southern drainage of the Province of Cama- 
guey, as tributaries (Massip, 1942: 178). During 
the interglacial periods of greatest submergence 
(Massip, 1942: 151), Rio Cauto was only about 
50 miles long and most of its present tributaries 
were dismembered (fig. 12 (1A)). Rio San Pedro, 
Rio Hatiguanico, and many other streams, have 
gone through similar cycles and the now entirely 
submerged river which flowed to the southwest 
between the Province of Pinar del Rio and the 
Isle of Pines, had as tributaries all the present 
streams of the southern drainage of the Sierra de 
los Organos ( Massip, 1942: 178, 179). 

There are at present about 150 stream systems 
in each drainage of Cuba. Those of the southern 
drainage of the Province of Oriente, between Cape 
Cruz and Santiago Bay are very short, steep, and 
torrential and do not contain poeciliid fishes, with 
the exception of Rio Portillo. There are 96 stream 


systems in the southern drainage west of Cape 
Cruz, but during the periods of greatest emergence 
there were only 14, some of them (Cauto, San 


Pedro, Hatiguanico) very extensive. Since most 
of the Cuban streams were dismembered very re- 
cently by submergence of the platform and parts 
of the coastal plain, after the last (Wisconsin) 
Glacial stage, their girardinin populations accord- 
ingly do not show the effect of geographical iso- 
lation. Besides, the main types of habitat are 
essentially the same in each stream, and there is 
frequent communication between many of them 
by flooding of the lowlands. 


12For further and more detailed information on the 
hydrography and general physiography of Cuba, the fol- 

lowing sources may be consulted: Massip, 1942, U. S. 

Navy Hydrographic Office chart No. 2145, National 

Geographic Society map of the West Indies, 1954. 

Fic. 11. (1) Distributional density of the tribe Girardi- 
nini. Blank areas represent mountainous regions 
or marginal brackish water coastal zones where 
girardinin fishes do not occur. (See also fig. 9 (4), 
12 (2).) (2) Geographical distribution of the species 
of the tribe Girardinini. A, Toxus serripenis. B, 
Toxus creolus. C, Glaridichthys uninotatus. D, 
Glaridichthys falcatus. E, Allodontium cubense. 
F, Dactylophallus denticulatus. G, Girardinus micro- 
dactylus. H, Girardinus metallicus. 
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During the interglacial stages, submergence of 
the platform and marine invasion of the lowlands 
turned the highlands of western, central, and east- 
ern Cuba into isolated islands (fig. 12 (1A) ), and 
the great river systems of the glacial stages were 
drowned or greatly dismembered. All during the 
Pleistocene, Cuba was being gradually uplifted and 
every successive interglacial marine invasion left 
greater portions of these islands emerged. Con- 
tinued subaerial and marine erosion were also 
making the lowlands more extensive and the high- 
land habitat more accessible, especially throughout 
the southern drainage of the island. 


MECHANISMS OF SPECIATION AND DISPERSAL 


When the ancestral population of the tribe 
Girardinini had become established in western 
Cuba during the Pliocene, this region was still 
separated from the emerged portions of central 
and eastern Cuba by shallow seas which prevented 
further dispersal to the east (fig. 13 (1)). At 
the same time, western Cuba was permanently 
separated from Central America and the ancestral 
population was isolated and must have then de- 
veloped its tribal characters (fig. 6). During that 
time, the emerged land of western Cuba formed a 
high, narrow, elongate island (Sierra de los 
Organos) with typical mountain streams and little 
or no lowland habitat. The northern slope of this 
island was much narrower and steeper than the 
southern, and its streams must have been too fast 
and torrential to maintain a poeciliid population. 
The ancestral girardinin species must have been 
therefore, a highland form confined to the southern 
drainage of the Sierra de los Organos island. 
This is confirmed by the structure, behavior, 
ecology, origin, and distribution of Torus, the 
most primitive genus of the tribe, as already 
discussed. 

Gradual uplift and continued subaerial and 
marine erosion during the late Pliocene combined 
with a general lowering of sea level during the 
first glacial stage (Nebraskan) of the Pleistocene, 
produced a general emergence of the shallow, 
submerged banks. Extensive plains were thus 
created and the western portion of Cuba was 
joined with the rest of the island and the Isle of 
Pines (fig. 13 (2)). The streams of the southern 
drainage of the Sierra de los Organos became less 
rapid as the divide was lowered producing a less 
steep slope. As the coastal (piedmont) plain 
gradually emerged and widened, the streams 
lengthened their courses and a lowland habitat was 
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created. This period marks the origin of the most 
important stream systems of the southern drainage 
of the Sierra de los Organos, such as the Cuya- 
guateje, Guama, San Diego, Los Palacios, and 
San Cristobal (see footnote 12). These streams 
are characterized by a comparatively short and 
steep mountain course, an even shorter transitional 
zone and a much longer lowland course on the 
coastal plain. For example, the upper reaches of 
Rio San Cristobal flow a distance of about 8 miles 
before entering the coastal plain which is about 
15 miles wide throughout the rest of its course. 
The transitional zone covers a distance of about 
3 miles (Schuchert, 1935: fig. 80). 

When the south coastal plain emerged in west- 
ern Cuba and a lowland habitat began to form, 
part of the highland ancestral population gradually 
filled the newly created environment. Preadapta- 
tion to life under these more favorable conditions, 
must have very rapidly produced an ecological 
cline in every stream, consisting of a lowland race 
or subspecies gradually intergrading with the high- 
land form. In the absence of competition and 
highland habitats, dispersal to the east through 
lowland streams over relatively extensive plains 
must have finally isolated the lowland from the 
highland subspecies and full speciation was 
achieved. The highland subspecies remained in 
its original habitat and through little transforma- 
tion evolved into the genus Torus (fig. 6). The 
lowland subspecies became adapted to lowland con- 
ditions and in the absence of competition evolved 
into a species which remained relatively gener- 
alized in its feeding structures and behavior. This 
species is assumed to have been the ancestor of the 
genera Glaridichthys, Dactylophallus, and Girar- 
dinus, and now remains slightly transformed as 
Allodontium cubense (fig. 6). 

During the first Glacial stage (Nebraskan) of 
total emergence, the ancestral Allodontium con- 
tinued its dispersal to the east and by the end of 
the period it had invaded the lowlands of the 
western half of the island (fig. 13 (2)). In the 
absence of species competition, increase of popula- 


Fic. 12. (1) Pleistocene hydrography of the island of 


Cuba during the Glacial stages. A, interglacial 
stages (Aftonian, Yarmouth, Sangamon). B, present 
hydrography. C, glacial stages (Nebraskan, Kansan, 
Illinoian, Wisconsin). (2) Present distribution of 
highlands in the island of Cuba. Solid black areas in- 
dicate regions 250 feet or more above sea level, which 
were never submerged during the Pleistocene. The 
thin line represents the 100 foot contour, and the 
dotted line the edge of the insular shelf. 
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tion density in the rich, varied lowland habitat 
must have caused individual competition and 
initiated adaptive radiation in the generalized an- 
cestral Allodontium. This incipient speciation 
marks the origin of Glaridichthys and Dactylo- 
phallus in central Cuba (figs. 6; 13 (3) ). 

The following interglacial period (Aftonian) 
produced a partial submergence of Cuba and the 
evolving ancestral Allodontium was isolated in 
the island formed by the Trinidad Mountains and 
the plateau of central Cuba. In this region, a 
considerable amount of transitional habitat re- 
mained emerged and its initial invasion by in- 
cipiently adapted forms must have produced eco- 
logical clines and further adaptive radiation. On 
the other hand, during this interglacial period, 
Sierra de los Organos remained as a mountainous 
island and the lowland habitat of western Cuba 
and its population were entirely eliminated by the 
rapid submergence of the piedmont plain, including 
the Isle of Pines (fig. 13 (3) ). 

The second Glacial stage (Kansan) produced 
again total emergence of the island of Cuba and 
its platform and the already heterogeneous (Glari- 
dichthys, Allodontium, Dactylophallus) population 
of central Cuba began to disperse towards the east 
and west. At the end of the period, it probably 
had invaded most of the island except the high- 
land habitats (fig. 13 (4)). However, only the 
most aggressive and better adapted ancestral 
Dactylophallus must have been able to reach 
eastern Cuba. 

During the second interglacial period ( Yar- 
mouth), partial submergence of Cuba isolated part 
of the ancestral Dactylophallus population in the 
eastern portion where it evolved into D. denticu- 
latus (fig. 6) and the ancestral Glaridichthys, 
Allodontium, and Dactylophallus (part) remained 
isolated in central Cuba (fig. 14 (5)). Western 
Cuba was probably cut off before these species 
could reach that region. 

The third Glacial stage (Illinoian) marks an- 
other period of total emergence during which 
further dispersal over the lowlands takes place 
(fig. 14 (6)). Dactylophallus denticulatus grad- 
ually dispersed towards the west but did not 
reach central Cuba before the third interglacial 
stage (Sangamon) marine invasion isolated the 
eastern from the central portion for the third time. 
During the third Glacial stage, a more extensive 
and typical lowland habitat (now represented by 
the Zapata Swamp and the Colon Plain) was 
formed to the west of central Cuba and dispersal 
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from the central plateau must have taken place conditions and evolved into Girardinus (figs. 6; 
much more rapidly in that direction. The ances- 14 (5)) in the lowlands. Girardinus, being more 
tral Dactylophallus population which had been iso- aggressive and better adapted to lowland condi- 


lated in central Cuba during the second Glacial 
stage, became further adapted to typical lowland 





Fic. 13. Speciation and dispersal in the tribe Girardinini 
(continued on fig. 14). The thin line represents the 
present coast line, the heavy line represents the coast 
line during the designated glacial and interglacial 
stages, and the dotted line indicates the present edge 
of the insular shelf. Arrows indicate the direction 
and extent of dispersals. (1) The ancestral popula- 
tion is isolated during the Pliocene (Preglacial) in 
western Cuba, where it acquires its tribal characters. 
(2) The ancestral Allodontium disperses to the east 
and invades the lowlands of the western half of the 
island during the first glacial stage (Nebraskan). 
The ancestral Toxus remains confined to the high- 
lands of western Cuba. (3) The ancestral Allo- 
dontium is isolated in central Cuba during the first 
interglacial stage (Aftonian), and gives rise to 
Glaridichthys and Dactophalius. (4) During the 
second glacial stage (Kansan), the population com- 
posed of Allodontium, Glaridichthys, and Dactylo- 
phallus disperses to the east and west, but only 
Dactylophallus reaches the eastern portion of the 
island. Toxus remains confined to the highlands of 
western Cuba. 


Fic. 14. Speciation and dispersal in the tribe Girardinini 





(continued from fig. 13). (5) Allodontium and 
Glaridichthys remain confined to central Cuba during 
the second interglacial stage (Yarmouth). The an- 
cestral Dactylophallus population in central Cuba 
evolves into Girardinus and that in eastern Cuba 
into Dactylophallus denticulatus. (6) Further dis- 
persal takes place during the third glacial stage 
(Illinoian). Dactylophallus denticulatus disperses to- 
ward the west, and Allodontium, Glaridichthys, and 
Girardinus disperse to the east and west. Toxus 
remains confined to the highlands of western Cuba. 
(7) During the third interglacial stage (Sangamon), 
the Allodontium and ancestral Giaridichthys popula- 
tions evolve into Allodontium cubense and Glaridich- 
thys uninotatus respectively in western Cuba, and 
Girardinus evolves into G. microdactylus on the Isle 
of Pines and G. metallicus in central Cuba. The an- 
cestral Glaridichthys population in central Cuba 
evolves into G. falcatus. Toxus remains confined to 
the highlands of western Cuba and Dactylophallus 
denticulatus to eastern Cuba. (8) Speciation is com- 
pleted and during the fourth glacial stage (Wis- 
consin), final dispersal results in the present distri- 
bution of the members of the tribe. (See fig. 11.) 
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tions, was probably able to disperse faster and 
further to the west than Allodontium and Glari- 
dichthys. Consequently, when the Isle of Pines 
was cut off during the third interglacial stage, 
Girardinus was probably the only form isolated on 
that island. Allodontium and Glaridichthys, how- 
ever, had managed to reach the piedmont plain 
of the southern drainage of the Sierra de los 
Organos but not the Isle of Pines. 

During the third interglacial stage (Sangamon), 
when the sea submerged again the lowland habitat 
of western Cuba, the Girardinus population must 
have been entirely eliminated but Glaridichthys 
and the generalized Allodontium were probably 
able to survive in the remaining transitional 
habitat (fig. 14 (7)). The Glaridichthys popu- 
lation isolated in the southern drainage of the 
Sierra de los Organos became adapted to highland 
conditions and evolved into G. uninotatus, but 
Allodontium, unable to compete with Toxus, must 
have remained unchanged in the transitional 
habitat. The Glaridichthys and Girardinus popu- 
lations, isolated in the extensive, emerged low- 
lands of central Cuba, evolved into Glaridichthys 
falcatus and Girardinus metallicus. The small 
Girardinus population isolated in a transitional 
habitat in the emerged central portion of the Isle 
of Pines, must have very rapidly evolved (‘‘Sewall 
Wright effect,” Huxley, 1942: 59) into G. micro- 
dactylus in the absence of competition. 

Speciation in the tribe Girardinini was there- 
fore probably completed at the end of the third 
interglacial stage (figs. 6; 14 (7)). During the 
fourth and last Glacial stage (Wisconsin), final 
total emergence of the Island of Cuba brought 
about the final dispersal which resulted in the 
present distribution of the members of the tribe 
(figs. 14 (8); 11). Toxus has remained in the 
highlands of the southern drainage of the Sierra 
de los Organos since its origin there in the late 
Pliocene, and this long isolation is well confirmed 
by its taxonomic relationships. Allodontium cu- 
bense is considered a relict of the once more widely 
ranging generalized ancestor of Glaridichthys, 
Dactylophallus, and Girardinus. It is now con- 
fined to the southern drainage of the Sierra de los 
Organos and seems to be gradually becoming 
extinct through competition. Glaridichthys unino- 
tatus remains in the highland habitat of western 
Cuba, but G. falcatus, as would be expected, has 
invaded most of the lowlands of Cuba and the Isle 
of Pines. Dactylophallus denticulatus has reached 
central Cuba and seems to be actually in the 


CUBAN POECILIID FISHES 


317 


process of dispersing further to the west. Girar- 
dinus metallicus, from its center of origin in central 
Cuba, has rapidly invaded all the lowland habitats 
of Cuba, but competition with G. microdactylus 
prevented its establishment in the Isle of Pines 
when that island was still connected with western 
Cuba during the last Glacial stage. G. micro- 
dactylus, however, reached the nearby southern 
drainage of the Sierra de los Organos before G. 
metallicus had arrived in western Cuba. Since 
the peak of the now receding last Glacial stage, 
marine reinvasion of the platform has very re- 
cently separated again the Isle of Pines from the 
mainland of Cuba. The Glaridichthys falcatus 
and Girardinus microdactylus populations now iso- 
lated in the Isle of Pines show little divergence 
from those of the same species in the mainland 
of Cuba. 

The much greater extent of the lowland habitat 
and the more rapid and frequent means of dis- 
persal afforded by floods have probably permitted 
a much wider occurrence of typical lowland forms 
such as Glaridichthys falcatus and Girardinus 
metallicus. Lowland conditions, however, have 
probably prevented further dispersal of typical 
highland forms. 

In the tribe Girardinini, extent of range is gen- 
erally correlated with age and habitat. The more 
primitive species have smaller ranges and are 
adapted to highland conditions, whereas the more 
recent species have more extensive ranges and are 
adapted to lowland conditions. This is opposed 
to the principle of “age and area” proposed by 
Willis (1922), and appears to be the result of the 
physiographic and environmental evolution of the 
island of Cuba during the Pleistocene. The eco- 
logical analysis has shown that despite the more 
favorable conditions found in the lowlands, a 
greater number of species occurs in the highland 
and transitional habitats. This indicates that 
speciation in the tribe Girardinini must have taken 
place mostly in these habitats, since according to 
the paleogeographic evidence, lowland conditions 
have been periodically absent during the evolu- 
tionary period of the group. 

According to the evidence presented in this 
study and the geological time tables (Flint, 1947), 
the ancestral population of the tribe Girardinini 
became established and acquired its tribal char- 
acters in western Cuba at the end of the Pliocene, 
The genus Torus was the first form evolved at 
that time, and Allodontium and the ancestral 


Glaridichthys and Dactylophallus evolved during 
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the first Glacial stage. Dactylophallus denticulatus 
and Girardinus evolved during the second inter- 
glacial period. Glaridichthys uninotatus, G. fal- 
catus, Girardinus microdactylus, and G. metallicus 
evolved during the third interglacial stage. Girar- 
dinin fishes are conservatively estimated to pro- 
duce about six to eight generations per year, and 
over ten million generations must have been re- 
quired for the evolution of the present five genera 
and eight species. The rate of speciation in the 
tribe Girardinini has probably been modified by 
ecological conditions, duration of isolation and 
population size, and the time required for generic 
and specific differentiation has varied according 
to these factors in the various forms. The rate of 
dispersal among the most widely ranging members 
of the tribe must have involved distances of 1,000 
to 2,000 miles during the greater part of a million 
years. These figures are not inconsistent with 
the estimated rate of dispersal of Astyanax fasci- 
atus through Central America and Mexico during 
the Pleistocene (Schaeffer, 1952: 228). 


SUMMARY 


The extensive amount of material and informa- 
tion on the taxonomy, and general biology of the 
Cuban poeciliid fishes of the tribe Girardinini 
accumulated by the author during a period of 


eighteen years, has resulted in the present study 
dealing with their origin, phylogeny, speciation, 


dispersal, and geographical distribution. A theory 
expressing the author’s views in connection with 
these matters is given in four postulates, whose 
development forms the main body of this study. 

The tribe Girardinini is confined to the fresh 
waters of the island of Cuba, and comprises five 
genera and eight species (Toxus serripenis, T. 
creolus, Glaridichthys uninotatus, G. falcatus, Al- 
lodontium cubense, Dactylophallus denticulatus, 
Girardinus microdactylus, and G. metallicus). 
Generic differentiation is mostly based on gono- 
podial and mouth characters, especially the latter. 

The phylogeny of the tribe is based on onto- 
genetic studies and a taxonomic analysis of its 
members in which interrelationships and phyletic 
lines are established. The taxonomic analysis is 
conducted on the basis of sexual, adult non-sexual, 
and juvenile characters. These three methods of 
approach indicate independently that relationships 
remain the same within the tribe, regardless of 
the method of analysis employed, and the taxo- 
nomic criteria for generic and specific distinction 
must be valid. Two primary (represented by 
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Toxus and Allodontium) and two secondary 
(represented by Glaridichthys and Dactylophallus- 
Girardinus) phyletic lines are found to lead to a 
single common ancestor. Glaridichthys and Gi- 
rardinus are found to be the present end points 
of two diverging, adaptive evolutionary trends, 
derived through Allodontium from the less ad- 
vanced, primary phyletic line represented by the 
more primitive genus Torus. 

The relationships of the group with Allogam- 
busia of Panama and Phalloceros of Brazil, upon 
comparison with all the other members of the 
family Poeciliidae, indicate that the common an- 
cestor of the tribe probably came from Central 
America. This is in agreement with a similar 
origin postulated for most of the fauna of Cuba, 
as found by all other students of West Indian 
zoology, but opinions are divided as to the manner 
fresh-water fishes and many other organisms 
reached the island. Some favor dispersal by 
means of a land connection, and others over water 
dispersal across narrow straits by swimming, 
flotsam or jetsam, or through the air, by means 
of cyclonic storms. 

The ecology and distribution of the tribe Gi- 
rardinini shows that the group is confined to 
fresh water and that it has preference for high- 
land streams. Experiments have demonstrated 
that the species cannot survive in salt, or even 
brackish water. They are also sensitive to pres- 
sure and always occur in shallow water not far 
from the shore, and seldom at the surface. These 
ecological features are used to demonstrate that 
girardinin fishes could not have crossed salt water 
gaps by swimming. Over-water dispersal through 
the air is also thoroughly discussed in the light of 
ecological and distributional evidence, and found 
10t to have been the manner thereby the ancestor 
of the tribe reached Cuba. Dispersal by birds, 
flotsam and jetsam, is discussed and dismissed as 
impossible in girardinin fishes. 

It is assumed that, if the ancestor of the tribe 
Girardinini did not reach the island of Cuba by 
over-water dispersal or by swimming across a 
water gap, then it must have migrated through 
fresh water by means of a land connection between 
Central America and Cuba. The relationships, 
location of the center of origin in western Cuba, 
and the absence of near relatives of the group in 
the Caribbean area except Central America indi- 
cate that the ancestor of the tribe must have 
migrated directly from Central America, by means 
of a land connection between Yucatan and western 
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Cuba during the Miocene-Pliocene. This is in 
agreement with the available evidence, and a dis- 
cussion on the possibility of such a connection is 
offered and based on geologic, paleogeographical, 
and physiographical data. Objections to the 
former existence of a land connection between 
Central America and Cuba based on the absence 
of certain Central American organisms on the 
island are discussed and rejected. 

The morphology of the members of the tribe 
Girardinini indicates that speciation in the group 
has occurred through adaptive radiation involving 
chiefly feeding habits. This is discussed and con- 
firmed by an ecological analysis of the tribe, in 
which structure and behavior are correlated with 
habitat and occurrence. Ecological preferences, 
competition, and dominance are also discussed by 
analysis of girardinin populations and study of 
genera and species associations. The lowland 
habitat is found to be more favorable and poten- 
tially able to support a more varied population 
than it actually does. This indicates that it prob- 


ably has not reached yet the saturation point. 
Occurrence of a greater number of forms in the 
highland habitat indicates that speciation has prob- 
ably mostly taken place under those conditions and 
that the lowland habitat has been periodically 
eliminated and exists at present only since rela- 


tively recent times. A very important factor in 
the speciation of girardinin fishes has been the ex- 
istence of ecological clines producing adaptive 
radiation in populations. There is no geographical 
variation of meristic characters in the species of 
the tribe Girardinini, and phenotypic facies affect- 
ing certain characters are correlated with period- 
ically varying environmental conditions, and not 
geographical in nature. 

The center of origin of the tribe is found to have 
been located probably in western Cuba, since 
Toxus, the most primitive and first evolved mem- 
ber of the group is demonstrated to have originated 
in that region. This is accomplished by corre- 
lating the western arrival of the ancestor and the 
habitat and distribution of Toxus with the paleo- 
geography of Cuba and an analysis of dispersal 
factors. 

The mechanisms of speciation and dispersal 
leading to the present genera and species and their 
geographical distribution are discussed by corre- 
lating phylogeny, adaptation, and geographical dis- 
tribution with the paleogeography and _paleo- 
ecology of Cuba. Speciation in the tribe Girar- 
dinini began when the ancestral population be- 
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came established in the island of Cuba at the end 
of the Pliocene, and took place during the Pleisto- 
cene. Speciation and dispersal in the group were 
induced by the environmental and physiographic 
changes produced by the Glacial periods of the 
Pleistocene. Changes of sea level and subaerial 
and marine erosion caused great periodic changes 
in the hydrography of the island and a complete, 
periodical isolation of its western, central, and 
eastern portions into three separate smaller islands. 
Speciation probably was completed at the end of 
the third interglacial stage, and the present geo- 
graphical distribution was recently attained after 
the peak of the fourth and last Glacial stage. 
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